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List of acronyms used in this report

CDA
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DR
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EMS
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PY2016

PY2017
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RR
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comprehensive design assistance

| commercial and industrial

confidence interval
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equivalent full load hours

| energy monitoring system

heating ventilation and air -conditioning
industry standard  practice
measurement and verification

model -based statistical sampling

program administrator

program year

| program year 2016
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realization rate

typical meteorological year 3
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1 EXECUTIVE SUMMARY

This Executive Summary  provides a high -level review of the results for the Rhode Island (RlI) Commercial
and Industrial (C& 1) Impact Evaluation of Program Year (PY) 2018 Custom Gas In stallations. In this section,

we state the study objectives, summarize the evaluation approach, a nd present key findings, conclusions,
and recommendations. The scope of work of this impact evaluation covered the PY201 8 Custom Gas impact
category, which inc  luded HVAC, EMS, Steam Trap, Insulation , and Other measures. All the measures are

commercial retr ofit and new construction  projects.

The work was completed between 2019 and 2020. DNV GL perform ed a site -based Measurement and
Verification (M&V) impact evalu ation to quantif y the achieved natural gas energy savings for a sample of
custom gas projects com pleted in Program Year 201 8 (PY2018). COVID-19 caused a stop of on-site work
during the metering period of the study. Due to the haltinon  -site work, t wo sit es were not fully evaluated ,
which caused DNV GL to adapt the evaluation process by developing a 2 -sample inner -year study for
PY2018. The remaining 6 sites were fully evaluated , and the study was a success by providing realization

rate s for PY2018 while surpassing precision targets.

1.1 Study Purpose, Objectives, and Re search Questions

The objective of this Impact Evaluation of PY2018 Custom Gas Installations is to provide verification or re -

estimation of energy (therms) savings for sampled Custom Gas projects through site - specific inspections,

end -use monitoring, and an  alysis. The site -specific results were aggregated to determine realization rates

for National Gridds custom gas installations i mRIRdrritoryCust om gas
starting from PY2016 are designed to be rolling/staged evaluations . The goal of this approach was to repeat

M&V annually as the previous year6s tracking data b3oftkemes avai
rolling/staged evaluatio  n with PY2016 and PY2017 as year -1 and year -2 respectively. DNV GL estimates that

there are enough sample points by combining RI only results from PY2016, PY2017, and PY2018 to develop

independent RI results at the agreed upon precisions (x20% relative pre cision at 80% confidence) for a gas
study.

This study :

1  Achieved gross natural gas energy savings for RI custom gas projects, with targeted sampling precision

of + 20 % at 80% confidence when RI PY201 8 results are pooled with Rl PY2016 and PY2017 results

1.2 Key Findings and Results

The site -level evaluation results were aggregated using the final adjusted case weights ina 2 -sample
approach based on adjustment factors collected . The realization rates were calculated and then applied to

total tracking savings to determine their total evaluated savings. DNV GL develope d realization rates (and
associated precision levels) for annual therms savings of the program by combining 3 consecutive custom

gas study results (conducted for PYs 2016 , 2017 , & 2018 ).

1.2.1 Rolling Stat ewide Sample: PY2016, PY2017, & 2018
The Rhode Island Piggybacking Diagnostic Study 1 developed guidance on when it is appropriate to

ipiggybacko or combine RI evaluations eff or tapronyfotRivell& st udi es
stand -alone Rl s tudies. Th efipi ggy b ac ki regod recommedds which approaches National Grid RI
1 hitp:/irieerme.ri.goviwp - content/uploads/2020/09/rhode -island -piggbacking -diagnostic -study -final -final -report -20200114. pdf
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should use for C&l measure groups and residential programs. For custom gas, it recommends usinga RI
Independent Sample approach. Therefore, the rolling statewide evaluat ion approach was planned to
effectively produce independent results for Rl by the endofa3 -year rolling cycle if reasonable relative
precisions are achieved . The results presented in this report achieve d reasonable precisions by combining
three programy ears (PY2016, PY2017, & 2018 )as shownin Table 1-1. Overall,t he study achieved8 4.2 %
RR with a relative precision (RP) of +10.1% at an 80% confidence interval. PY2018 RR results were  lower
than PY2017.PY2018 also has a higher RP range dueto the 2 -sample approach as discussed in the following
section.

Table 1-1: Yearly RISpecific Results and Pooled Results

Parameter PY2016 PY2017 PY2018 20162{517
+2018
Tracking Savings 1,114,7 70 1,948,383 2,350,739 5,413,892
Sample Size 8 6 62 20
Realization Rate (RR) 71% 92% 83.3% 84.2%
Relative Precision @ 80% CI ( +10.6% +2.3% 2 2.6 % £10.1%

Cl = confidence interval

1.2.2 2-Sample Ratio Estimation within 2018 Program Year
Due tothe COVID -19 pandemic, all fieldwork in Rl was shut down in March 2020. DNV GL had already

completed the first site visit for 7 out of 8 sampled sites and acquired trending information for the 8 th site to
verify the installation of technology and quantities. Th erefore, all the non  -operational adjustments (see
Table 1-2) were calculated for 8 sites using the in -depth desk review and the 1 st site -visits.

Table 1-2. Adjustment Factors for Eval uation

Adjustment Factors

Ratio . . Operational ‘
Name: Non - Operational Adjustments Adiustments ‘

Obtained: In -depth desk review 15t site -visit logger pickup

HVAC
Interactive

Tracking
& Admin

Factor: ‘Baseline Methodology ‘ ‘Technology ‘ Quantity ‘ Operational

In Aug ust, National Grid had agreed to fieldwork on a conditional basis, allowing logger pickup for the

custom gas study sites  and additional attempts to conduct on -site work at the remaining two sites .DNV GL
was able to collect operational data for 6 out of t he 8 sites and the remaining two sites were non -
responsive. Of the 6 sites for which DNV GL collected operational data, three sites had loggers installed and

2 sites provided trending data. One site did not have the  measure installed sologg ersand trending data
were not necessary.  No operational data was available for the site -level analysis for the two sites that were
non -responsive . DNV GL developed a2 -sample ratio estimation method which essentially uses two sets of

case weights to calcu late the realization rate (RR) for PY2018. These case weights were based on the six

sites that have both non  -operational and operational adjustments (1 st set), and the eight sites that include

non -operational adjustments only (2 nd set).

2 The minimum  of the two inne r-year samples (8 through only non -operational adjustments and 6 through operational adjustments) dictates sample
size
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The calculated RR
program RR, as shown in

Table 1-3.PY2018 Realization Rate Calculation

for PY20 18 was then combined with both sets of sites to calculate the overall rolled
Table 1-3.

Non -Operatio nal Operational
. Un w eighted | Weighted | Weighted | Weighted ‘ Weighted
Site ID Tracking Weight Tracking Evaluated Tracking Evaluated
Savings (-) SEW (e Savings Savings Savings
(therms) (therms) (therms) (WES) (therms)
2018RIG78 17,625 4.50 79,313 0 9.00 0 0
2018RIG26 1,349 20.33 27,430 27,430 30.50 41,145 0
2018RIG27 8,011 20.33 162,890 17,103 30.50 25,655 0
2018RIG64 3,687 20.33 74,969 74,969 N.A. N.A. N.A.
2018RIG43 691,953 1.00 691,953 691,953 1.00 691,953 694,942
2018RIG55 207,347 4.50 933,062 933,062 N.A. N.A. N.A.
2018RIG19 8,730 8.00 69,840 69,840 8.00 69,840 83,640
2018RIG58 18,863 8.00 150,904 150,904 8.00 150,904 131,096
‘ Total 2,190,360 1,965,261 979,497 ‘ 909,678
‘ Non -Operational RR ‘ 89.7% Operational RR 92.9%
Overall 2018 RR 83.3%

1.3 Conclusions

This section presents the conclusions

1.3.1

Conclusions

PY201 8 Performance
PY2018 custom gas project

. The program continues to generate significant natural gas savings. In RI, the

s saved an estimated 2.

83.3% of the savings realized based on th

, R ecommendations

, recommendations, and

and C onsiderations

DNV GL will continue to work with National Grid to finalize the remaining two full site repo

continue with the evaluation.

of the impact evaluation study.

4 million therms with 84.2% of savings realized.

35 million therms (adjusted gross savings) annually with
e evaluation sample for Rl PY2018 sites. Combined over the 3
year rolling sampling period, the program realized 5.

rts should the sites

However, the current results are accurate within state and regu

standards and provide adequate planning and program reporting savings estimations.

the evaluations, DNV GL does not expect a large deviation from current results.

Site - specific sample weights are shown in

the section

below, and in each

site -report included in

1.3.2 Recommendations

DNV GL reviewed project files, conducted deta

iled analyses of the inform

quantified discrepancies to make the recommendations presented below.

1321

R1: Realization Rate

DNV GL recommends National Grid to use the PY2016, PY201
planning and program reporting, startin

7, & PY2018 combined RR
g with PY2021 and continuing to subsequent years until new impact

APPENDIX A. More details on the PY201
APPENDIX B.

Should the sites finish

8 results are presented in

ation provided in the files, and

of 84.2%

for

DNV GL i www.dnvgl.com

Page 8



evaluation study results are available. The applicable RRs are noted in Table 1-1. This recommendation was
based on the following factors:

1  When PY2016 (71%) , PY2017 (92%) , & PY2018 (83.3%) results are pooled, the study produced
state -wide results that met precision targets of +20% relative precision at 80% confidence (actual:
+ 10.1% at 80% confidence level).

Based on the results listed for P Y2018, an Error Ratio Target of 0.55 has been recommended for 2019 RI
Custom Gas Impact Evaluation to achieve the next 3  -year rolling s avings evaluation precision targets.

1.3.2.2 R2: EMS/Control Calculation Method and Commissioning

EMS and Control measure pr ojects (2) evaluated in the PY2018 sample resulted in 0 savings. EMS systems

are difficult at best to achieve an accurate savings estimate without prior system behavior monitoring, and

the deemed savings calculator is inadequate for these types o f projects . Additionally, several checks were
not performed at the sites to ensure proper EMS programming was completed or if the system could

perform at the levels necessary to ensure savings were achieved. DNV GL recommends the following items

to improve EMS and C ontrol based measures to improve the current process:

a) For all EMS/Control based projects, including smaller projects , consider adding  certain level s of
verification such as :1) verify trend data  demonstrates control s are operating as designed , 2)
captur e screenshots of the new interface that contains setpoints , or 3) some other meaningful form
of documentation to ensure control based claimed savings are operational and achieving savings

b) Update the energy management system (EMS) savings calculator or require custom savings
calculators from vendors with better post -installation verification to better document energy savings

c¢) Document pre -installation site conditions, pre -installation trend data, pre -installation operating
protocols, and pertinent information fo r evaluators to compare baseline conditions to new operation
with the overall  intent of verify ing system changes and evaluat  ing savings

2018RIG26 and 2018RIG27: Pre-existing control sequenc  es determine the energy savings associated

with implementing simple control sequences, such as the ones considered for this project, but there is solely
anecdotal information available about the pre -existing system operation. The custom express EMS program
does not require documentation to i nform baseline system assumptions for the energy savings calculations,

S0 a comparative pre  -condition is missing for energy savings calculations. The evaluation finding indicates

the EMS cu stom express tool does not adequately consider pre -existing system  control sequences to allow
for accurate energy saving calculations. In addition, the evaluator found that the sequences claimed for

savings are not implemented as expected. Optimal start/ stop is not implemented, HW reset is not working
properly, and ther e is very little difference between occupied and unoccupied operation although there is an
occupancy schedule.  Both sites resulted in 0% RRs.

1.3.2.3 R3: Post Inspection Verification for Large Projects

A smaller project , discussed below, had it s commissioning comb ined with a large r CDA project atthe same
site, which resulted in not  observing a measure that was not installed . DNV GL recommends that National
Grid examines the system in place for post -commissioning and post -inspecting to determine how the error
was caused and to place mitigation efforts to improve future practices. For example, invoice quantities can
verify amounts purchased for the measures especially when there are mul tiple applications for a specific
location.
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2018RIG78 : The project , ins tallation of high efficiency washing machines, was completed at the same time
as a larger CDA project for the hotel that was included in a separate Parent/Child application. The CDA
project included typical HVAC and lighting measures, e.g. building envelo pe, VRF systems, etc. A post -
inspection and utility commissioning were performed for the measures included in the larger CDA project,

but reviewing the washers an d dryers was not included in the post -inspection , though they were marked as
installed . The wa sher/dryer applications should have been post -inspected. The project resulted in 0% RR.

1.3.3 Considerations

Using the results of the study, the evaluation team genera ted a list of considerations, summarized below.

1.3.3.1 C1: Washer and Dryer Measures

Discrepancies from washer and dryer measures were common for the two sites evaluat ed in this study. The
discrepancies varied from tracking savings discrepancies, administration e rrors, and post -commissioning
errors. To avoid these issues, National Grid may consider using invoices for savings verification.

2018RIG 78 : The claimed savings appear to be based upon three washers and three dryers. The project
documentation includes a rev ised memo where the applicant re -calculated savings for two washers and two
dryers. It does not appear that the application was updated with these values. The ¢ ustomer installed two of
each unit, not three of each unit. The application should have been upd ated to include the revised savings
calculations , though this issue was not as important as the fact that the washers and dryers were never

installed as discuss ed above . The evaluator discussed the project implementation process for this specific

applicati on with the PA  which resulted ina 0% RR | as it was determined that the equipment was never

installed .
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2 INTRODUCTION

This section presents the objectives forthe DNV GL 6 $mpact Evaluation of the Program Year (PY) 201 8
Custom Gas Installations for National Grid in Rhode Island (RI ). DNV GL performed a site  -based
Measurement and Verification (M&V) impact evaluation to qua ntify the achieved natural gas energy savings
for a sample of custom gas projects from the Program Year 201 8 (PY201 8) population .

2.1 Study Pur pose, Objectives and Research Questions

This evaluation perform ed a site -based M&V impact evaluation to quantif y the achieved natural gas energy
savings for 8 RI custom gas projects for PY201 8. The results of this study were combined with the results
from the PY2016 and PY2017 stud ies to produce updated , statewide RRs.

2.2 Organization of R eport

The remainder of this  report is organized as follows:

1  Section 3: Methodology and Approach. The methods associated with sampling and the M&V tasks
will be described int  his section.

I Section 4: Data Sources .

1 Section 5: Analysis and Results. The rolling results and the results associated with the evaluation of
PY2018 will be presented in this section.

1  Section 6: Conclusions, Recommendations, and Considerations. Conclusions and recommendations
from analyzing the M&V findings are presented in this section.
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3 METHODOLOGY AND APPROACH

The evaluation team approach was consistent with the procedures and protocols developed during the

previous round of  custom gas impact evaluation co  nducted for PY2016 and PY201 73. As described in the
next subsections, the impact evaluation consis ted of on -site visits and metering of a randomly selected
sample of projects at participating facilities.

3.1 Description of S ampling Strategy

As discussed earlie r, DNV GL designed the sample for the PY201 8 impact evaluation  to pool the annual
evaluation results with PY2016 and PY2017 resultsto produce arolling updated result . This allowed the
sampling precision  to meet the targets laid out in Table 3-1.

PY2016, PY201 7, and PY201 8 results were pooled together to use in the PY2021 planning cycle. In
subsequent years, the realization rate will reflect the pooling of the three most recent impact results.

Based on the results achi  eved in the previous studies, this sample design assumed the error rat ios shown in
Table 3-1 for the targets listed. The sample design for this round of study was developed assuming the

results would be pooled with prio r (and future) custom gas results. The general principle used in this design

is that the results from each ~ year would need to ach  ieve + 35 % precision at 80% confidence interval to

maintain a three -year pooled result of +20% precision at 80% confidence for g ross therms savings  RRs.
DNV GL used Model -Based Statistical Sampling (MBSS) techniques to develop the sample design. The
samplin g unitis the sum of all projects installed in the evaluated program year at an account.

Table 3-1: Sampling Targets

+35% expected relative precision - +20% expected relative precision - 0.40 (non -steam trap)
80% CI 80% ClI 0.65 (steam trap)

Cl = confidence inter  val

3.1.1 PY2018 Sample Frame

The initial population for this impact evaluation was the set of custom gas projects rebated in 201 8. Table
3-2 shows the distribution of all tracking records and the associated savings by National Grid .
Table 3-2: PY201 8 Population Distribution of Custom Gas  Accounts
0,
Distribution Number of Gas Savings % Savings
Accounts Therms
Population Frame 2,350,739 79.8 %
CDA projects 5 112,258 3.8%
II Sit
Small Sites 12 5,289 0.2%
(<1,000 therms savings)
Custom - Prescriptive 21 147,112 5.0%
Not in the 2018 Pop ( child
application payment date 6 328,764 11.2%
in 2019)
Grand Total 131 2,944,161 100%
As was done in previous evaluations, small sites were exc luded from the sample frame. These small sites

account for less than 1% of total tracking savings and do not warrant the expense of site M&V. There were

3 py2017 study report was not finalized during the planning of this study.
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12 such gas accounts with annual savings less than 1,000 therms that were removed from the population
frame , with a total savings of 5,289 therms asshownin Table 3-2. There were 5 site sthat completed CDA
projects but were also removed from the population frame as the CDA projects are typically evaluated in a

diffe rent study . 21 sites were considered prescriptive and 6 sites that were not fully paid within the 2018

fiscal year. The site s were removed from the population. Therefore, the original population included 87

unique customer accounts or sites.

The final PY20 18 population frame has a total of 87 accounts with savings of 2,350,739 therms. Table 3-3
shows the selected sample frame after dropping the small sites , dropping CDA projects,  removing
prescriptive measures , and re moving sites not paid in 2018

Table 3-3: PY201 8 Adjusted (Final) Project Sample Frame

Tracking Savings (Therms)

87 2,350,739

3.1.2 PY2018 Sample Design

Table 3-4 shows the selected sample for this project. DNV GL estimated that 8 sampled sites would give
reliable precisions to achieve the required target per Table 3-1. Though the general principle is for a n
individual yeartot arget +35% precision at 80% confidence interval , a target of +2 1.0 % precision at 80%

confidence was set to account for  the fact that not all planned sites were completed in previous years of the
rolling study.  The table also shows tha t DNV GL completed 8 of the designed 8 sites regarding non -
operational adjustment factors in the 2 -sample approach for PY2018, and DNV GL completed 6 of the 8
operational adjustment factor evaluations. The study also achieve d the re liable statistical precision targets
(2 2.6%) at an 80% confidence interval

Table 3-4: PY201 8 Project Samp le

Sample (@) Expected Achieved

Accounts SEW]S Error Ratio Relgtlye Relgtlye
Designed Completed Precision Precision
@ 80% ClI @ 80% ClI

0.40 (non -ST) 8 non -OP
2,350,739 0.65 ( ST) 6 OP +21.0% 2 2.6%
ST = Steam Trap; OP = Operational;

3.1.3 Rolling Sample Design

To calculate combined expected relative precision , t he expected precision from the PY2018 sample design
was combined with the PY2016 & PY2017¢4 study results . Table 3-5 provides the combined expected
precision at the statewide level , based on this sample design

4 Expected RP; this study was not finalized during the designi ng stage of this study.
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Table 3-5:PY2016, PY2017, and PY2018 Combined Expected
Interval

Precision at 80% Confidence

Program Accounts Therms . Sample (n) RP @80% Cl
Year (N) Savings SfforiRatio
Completed

PY2016 1,114,770 0.6 8 126.8% +1 0.6%
PY2017 98 1,948,383 0.6 7 6  +30.0% +2.3%

0.40 (non -ST) 8 non -OP o o
PY 2018 87 2,350,739 0.65 ( ST) 8 6 OP +21.0% +22.6 %
P (AL, 268 5,413 ,892 N/A 20° +16.0% +10.1%

2017, & 2018)
ST = Steam Trap; OP = Operational; DNC = Did not calculate;

3.1.4 PY2018 Final Sample Disposition

One primary site  was dropped from  the study and w as

and replaced due to the risk involved with completing the site v

replaced by a secondary site. The site was removed

deadline. The energy savings measure

loop was de -energized due to construction

isit before the National Gridés
was piping insulation on a steam pipe at an asphalt pla nt. The pipe
of a heat exchanger replacement that feeds the loop. The site

contact believe d that construction w

ould keep the loop de

-energized through March

2020 should the project

timeline not experienc
section of the facility w

e delays.

of unrepresentative meter
the site with the subsequent backup.

8 sites as shown in
which M&V activities were completed and their respecti
site ID, the verified measure description, and

The final (achieved) sample includes

3.2 SiteM &V Planning

The site evaluation plan played an important role in establishing approved field methods and ensuring th
the ultimate objectives for each site evaluation were met. The M&V plan for each evaluated site

ed data or missing a data collection po

In addition to the risk of missing the construction completion date, this
ould have only come online due to production demand. Therefore, to reduce the risk

int for the study stratum, the team replaced

Table 3-5. Appendix A summarizes the 8 sites for

ve post -stratified weights. The summary includes the

the tracking savings and site RR.

at
provided

detailed information on the procedures for accomplishing those objectives.

DNV GL submitted full individual M&V plans for each evaluated site. These

Grid . Each site plan included the following sections:

f
f

Project desc  ription
Tracking savings
including:

I Analysis method used

I Identification of the key baseline assumptions

i Identification of the key proposed assumptions

I Evaluator assessment of tracking savings methods or
baseline

5 overall sample size is based on the minimum of the 2

plans were reviewed by National

T A description of how the project saves energy
T A short description of how the tracking savings were estimated and their source,

assumptions, including program -reported

-sample approach for PY2018.
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1 Project evaluation T Ashortd escription of the methods used to evaluate the project, including , but
not limited to:

I Methods for verifying the measure installation and current operation

I Methods for observing and/or assessing building use and occupancy

i Identification of the tracking a nd expected evaluator baseline of each measure .

i The data collected by DNV GL; where several similar items have been installed or are being
controlled, the evaluation plan described and justified the sampling rate of the equipment to be
monitored .

i Site staf finterview questions (to understand the baseline operation and determine if any changes in
the ope ration of the impacted system occurred after the project was installed)

I The data provided by the site (e.g., EMS trends, production, pre -metering, etc.) and /or National
Grid.

I The expected evaluation analysis method to be used, including any deviations fro m the implementer
savings estimation method. In general, the same methodology used to estimate tracking savings
was used to estimate evaluated savings. DNV GL presented an alternative methodology only if the
tracking methodology was flawed, unfeasible, or a more accurate methodology that utilized post -
installation data was available.

I Key parameters that were determined through the evaluation and compared to th ose used in the
original savings estimate.

DNV GL updated the M&V plan , responded to National Grid comments on the M&V plan , and in most of the
cases submitted a revised M&V plan before the site visit. For some sites, the initial visit was scheduled

within a couple of days or less and National Grid reviewers did not have the chance to appr ove the entire
M&V plan before the site visit . For those sites, DNV GL evaluators emailed the plan for a quick review and
response specifically for ~ the tasks to be conduct ed on -site and the metering approach.

3.3 Data Collection

DNV GL scheduled a site visitt o perform the tasks described in the site M&V plan.

3.3.1 Customer Outreach

Using the information provided in the project files, project engineers reached out to customer site ¢ ontacts.
During this initial outreach, the engineers discussed the purpose of the evaluation, the scope of measures
installed, availability of on -site trend/ EMS/production data, any other applicable parameters relevant to the
evaluation, and confirmed that the site will allow DNV GL to conduct the site visits. The site -specific M&V
plan ning effort did not commence until the customer site contact indicated they were willing to

accommodate the ex -post on -site evaluation process. After the customer outreach di  scussion, if the
engineer determined  significant barriers were preventing M&V of s ubstantial parts of the completed project,

the site was flagged for review , and, if warranted, replaced with a backup site. This study replace d one
primary site due to risks involved with successfully collecting data with a backup site  since the facility was
under construction.

3.3.2 Site Visit

Each initial site visit consisted of the verification of installed equipment, a discussion with facility personnel
regarding the baseline ch  aracteristics of the measure, the installation of measurement equipment, the
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colle ction of available trend data , and/or the creation of a plan to gather trend data coinciding with the
measurement period. Trend data beyond the measurement period was also re guested and used when it
improved the accuracy of measure savings estimates .

A second site visit to retrieve meters was scheduled for sites where evaluators installed meters during the
initial visit.

3.3.3 M&V Plan Update

DNV GL submitted an updated site M&V pla nto National Grid after the completion of the initial site visit if
there were significant deviations from the approved plan. This updated plan included the following
information , based on the site visit:

1 Any deviations from the plan that occurred during the visit or were  expected to occur ; d eviations
included cases where a portion of the proposed M&V plan was not feasible for unforeseen reasons

1 Provides a summary of the collected information, information that will not be available for analysis
purposes, and lists tasksto  complete on the return for meter pickup.

The update intend ed to keep National Grid current on the status of the site evaluation and communicate any
anticipated or resultant deviations from the plan.

3.3.4 Meter Pickup during COVID -19

Due to CO VID -19, meter pick up was extended by a few additional months since engineers were prohibited

from contacting and visiting sites where meters were installed. After field restrictions were lifted, site

contacts retrieved loggers that were installed 5 -6 month s prior. The long  period between installation and

pickup along with the site contact retrieving meters themselves in many cases caused loss of meters (data)

for some sites and incomplete follow -ups for others.  For 2 sites where engineers were unable to col lect trend
data an d answer technical questions from site contacts and only non -operational adjustment factors were

used, data collection issues  were likely caused by interruptions in business caused by COVID . However,

most meters were retrieved, 6 of the 8 sites were fully  evaluated, and overall study integrity and precision

were maintained above targets.

3.4 Site Analysis

DNV GL reviewed all data collected and then utilized the data to complete an evaluation analysis for 6 of the
8 sampled project s. For 6 of 8 project s, the analysis generated evaluated savings estimates for all measures
installed at each sampled site. Results were normalized to typical production or weather data. For the two

weather -dependent measures (2 sites) thatresulted in savings , the site analysis involved normalizing the
models to weather data using Typical Meteorological Year 3 (TMY3) data from the closest representative
weather station  to each site.

For 2 sites, engineers did not complete an analysis due to a lack o f participation  from the site contacts. One
site did not provide the trend data as promised during the site visit and the other did not respond to

guestions needed to finish the analysis from trend data received from vendors. Both sites that did not have

an analysis compe ted were still included in the final project realization rate using the 2-Sample Ratio
Estimation described in detail in Section 1.2.2 dueto the considerable amount of information collected.
These 2 sites  have full desk reviews and some on -site and installation review, but no metered or trended

data to calculate operational adjustments.
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3.5 Site Reporting

DNV GL submitted draft site reports to National Grid , and they provided comments or questions to the
engineer wh o led the site analysis. The engineer responded to comments and questions raised until a final
agreement was reached on the analysis approach , the results , and the report itself. Each site report contains
the following sections:

1  Project summary and results 7 Provides a brief description of how the evaluated measures at the site
save energy and a high  -level summary of why the evaluation results may differ from the tracking
estimates. The site results are also presented in this section.

1 Evaluated measures T Describes the evaluated measures, including , but not limited to:

I Applicant baseline and proposed conditions
i Applicant savings calculation methods

I Evaluator assessment of the applicant savings calculation methods

I Measure verification results and methods for verifying measures

I The data collected by DNV GL, summarized in graphical or tabular form for each data point

I The data provided by the site and/or National Grid , with key data summarized in graphical or

tabular form
i Evaluation baseline used
I The evaluation a nalysis method used, identifying any deviations from the original savings
estimation method
I Key savings parameters determined through the evaluation, and a comparison to those used in
the o riginal savings estimate
i A summary of the evaluated savings calcula ted and the primary drivers for differences between
the tracking savings  estimates and evaluation savings estimates
I Lifetime savings
All site reports were reviewed by aninternal quality as surance lead. This review determined if the reports
compl ied with t he requirements for this deliverable and if the document communicates information clearly
and consistently.

3.5.1.1 Measure Event Type and Baseline Review

A review of event measure types and basel nes for each measure installed at sites in the sample selected for

the evaluation was completed for this study. DNV GL selected a measure baseline event type based on a
preponderance of evidence presented in the project file , the data gathered during the site contact interview
and information gathered during the site vi sit. National Grid classified measures into two event types: 1)
new construction measures which include both new buildings and replace on failure or planned new measure

purchases and 2) retrofit measures . Evaluation observed the following measure eventtyp es:retrofitwith a
single baseline , add -on, early replacement, and lost opportunity

Table 3-6 below shows the measure event types used in tracking and evaluation. Site s 2018RIGA43,
2018RIG55, and 201 8RIGO 78 have multiple applicat ion numbers for certain measures  that were part of one
project. They are considered Parent/Child  © project s.

6Forsomelarge projects, Nati onal Grid typically doesndét pay out the todspaentamdenti ve upfr
child. The child payment is made after the project is fully commissioned and completed. Saving are split between parent and child applications
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Table 3-6: Measure event type in tracking and evaluation

. National Grid Tracking Event Type Evaluation Event Type
Site Id .
Application#

2018RIG19 7919893 Retrofit Retrofit with single baseline
2018RIG26 8575048 , 7464523 Retrofit Add-on
2018RIG27 8575046 Retrofit Add-on
2018RIG43 6795554 , 5771727 Retrofit Early Replacement
2018RIG55 88819231953%, %%%%%%i Retrofit Add-on
2018RIG58 7474075 Retrofit Retrofit with single baseline
2018RIG64 7454434 New Construction Lost Opportunity
2018RIG78 7031427 , 8766309 New Construction Lost Opportunit y
After the measure event type was selected, the eval uator selected the evaluated baseline for the event type.
Measures classified as retrofit or add -ons used pre -existing conditions as a baseline. The evaluation team
completed an independent review of the b aseline for each sampled project. Using site data p roject

documentation and interviews at the facility, DNV GL assessed the reasonableness of the baseline for each
sampled project.

3.6 Desk Reviews Including 1 st Site Visit Collected Data

When the COVID -19 emergency had stopped all fieldwork, the team coul d not estimate a possible date to

enter facilities as circumstances surrounding the global crisis were unforeseeable . At this point complete

desk reviews were added as a backup plan for calculating program savings for 2018 as the team was unsure
if evalua tors were going to have permission to access sites where meters were installed before the August

reporting deadline.

Permission to contact recruited sites for this effort was eventually given and 6 sites participated in logger
removal. The other two sites had promised trend data or provided some undocumented trend data prior to

the pandemic. Results were tabulated using the desk reviews to provide realization rate s forthe 2 projects
that did not participate or deliver key trend data durin g the second sit e visit . Therefore, operational and
HVAC interactive adjustment factors were not included as they would be in a full evaluation. The remaining
6 desk reviews were appended with the operational and HVAC interactive adjustment factors for the 6 sites
that pe rmitted entry to remove loggers.

To complete the desk reviews for all 8 sampled sites, the team reviewed project files  and information
collected from the initial site visit before the engineer performed a site contact interview for the meas ures
installed . The goal of the desk review was to complete the following:

1 Conductanin -depth review of the baseline, methodology, administrative tracking/documentation,

guantity and technology for each evaluated measure to provide the stakeholders an ear ly and
accurate assessment of the impact of savings changes for evaluation planning purposes. The

additional quantity and technology adjustments are not traditionally evaluated in a desk review;
however, the inclusion of these measures is due to additional information acq uired while performing

initial site visits  and some data collection
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1 Serve as a backup option for annual planning purposes due to delays from COVID -19 and the risk
that a preliminary realization rate from a sample of site reports may not be delivered befor e the
August reporting deadline.

The desk review data collection instrument focused on measure -specific assessments towards the impact
change in categories for each  sampled site accounting for the following criteri  on:

1 Measure event type cla ssifications (re trofit, add -on, lost opportunity)
1 Applicant baseline source

1  Applicant and evaluator measure life

1 Evaluator assessment of the baseline (preexisting single/dual, ISP, unique)
1 Assessment of baseline change impact on the measure savings

1 Savings calculation met hod used by the applicant

1 Most applicable savings calculation  method, per evaluator

1 Applicant key assumptions quality

1 Assessment of methodology change impact on the measure savings

1  Availability of native tracking savings calculations in electronic form

1 Tracking savings source (a pplicant , e quipment vendor/contractor , National Grid implementer
independent TA consultant )

1 Assessment of quantity of items installed

1 Verify the unit(s) is/are installed and if there are any discrepancies for installed quantities

1 Does the installed technology match the applicant claimed technology or serve the same function?

1 Does the applicant analysis consider interactivity with other end -uses, equipment , or fuel types?

1 Were the applicant res  ults normalized?

1 Evaluator assessmentof t he quality of the applicantés savings esti ma

i Calculation of the measure savings fraction completed by dividing the tracking savings from the pre -
installation annual gas consumption (only for the sites for whic h billing data is available at the time
of desk review)

The desk review collection instrument  present ed the evaluator assessment of the applicant savings

calculation methods and present ed a savings fraction for each evaluated measure for the baseline,

admi n/tracking, methodology, quantity and tec hnology factors in sequential order . The team compile d the
desk review findings into a spreadsheet template for uniform capture.

The results of the desk reviews and the 6 completed site reports were summarized ina separate memo
submitted to National Grid for annual planning purposes
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3.7 Sample Expansion with 2 - Sample Ratio Estimation

The ratio estimation accounts for the difference within the program year of 2018 from two separate samples

due to non -response for two si  tes during the second site visit. Table 3-7 shows the adjustment factors used
by evaluators to categorize discrepancies from tracking data and how those factors are cat egorized within
the 2018 program year.

Table 3-7.Adjust ment Factors for Evaluation

Adjustment Factors
Ratio . . Operational
Name: Non - Operational Adjustmgnts Adjustments
Obtained: In -depth desk review 1st site -visit logger pickup
. . Tracking . . HVAC
Factor: ‘ Baseline | Methodology ‘ & Admin ‘ Technology ‘ Quantity ‘ Operational Interactive ‘
The formulas below are used to calculate the realization rates for both sample components of the 2018
program year. The realization rates/adjustment factors are calculated as a ratio estimator over the sample
of interest (Cochran 7, 1977, p.1 65).
Therefore , the overall 2018 program year realization rate is calculated as such:
Yy 8y 20y
5y B0 6 @& ®VEAD (™D (NE KD Q (RO
BYi o TVERE) @R Y00 Q R0
5y B'O®6 08 0 Qi (B EIDA U "Wrid (& Ko 'Q W0
B Yi @& Y0 QF WIQd QW0
where,
o'y = Adjustment Ratio (  -)
060OE 6N W = Therms s avings including Admin/Tracking, Baseline, Technology, and Quantity

adjustments

Owo'®E 6 Qi &6 Q& Therms savings including Admin/Tracking, Baseline, Technology, Quantity,
Operational, and HVAC Interactive Saving s adjustments

n = sample size

7 Sampling Techniques, 3 ™ Edition, William G Cochran.
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4 DATA SOURCES

To support the findings of the study , the evaluation team used the following data sources:
1 PY2018 tracking data provided by National Grid
1 PY2016 and PY2017 tracking data
1 PY2016 and PY2017 impact evaluation results
1  Project files, which typically include one or more of the following: original applications, BCR
screenings, invoices, technical assistance studies , applicant savings calculations, and post -

installation reports

1 On-site observation s and data collection including inspection and verifications of equipment,
nameplate data, staff intervie ws, vendor interviews , spot measurements of various p arameters
including kW, longer -term measurements and combustion efficiency

1 Metered and/or EMS tren d data from each ofthe 7 sites that participated in the study , hot including
2018RIG55 that did not prov ide trending data
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5 ANALYSIS AND RESULTS

The RI PY201 8 study achieved the target precisions while combining the latest 3 years (PY2016 , PY2017, &
PY2018). PY2016 impact evaluation results were finalized 8 in March 2019 , and the PY2017 impact evaluation
result s were finalized ° in May 2020 . The following subsections provide more details on the PY2018 results.

5.1 PY201 8 Results

This section provides an overview of the result s from comparing PY201 8 tracking and evaluated results.

5.1.1 Site-Level Results

Figure 5-1 and Figure 5 -2 illustrate the comparison of reported (x -axis) and evaluated (y -axis) annual
natural gas savings for each of the 8 sites included in the evaluation sample for PY201 8. Figure 5 -1 shows
all sites and Figure 5 -2 shows a magni fied version for the smaller savings sites.

Ideally, the evaluated savings would always match the reported savings; this ideal is shown as a solid green

line in each chart. Figure5 -1 shows the largest evalua ted site which ha s tracking savings of about 7 00,000
therms per year . The evaluated site almost lies directly on the 100% RR line at 100.4 % RR . Any evaluated
sites above the 100% RR line indicates a RR greater than 100%, and any evaluated site below the 10 0% RR
line indicates a RR less than 100%. Simi larly, the same exists for the 83.3% evaluated gross savings RR

line.

Three evaluated sites have a 0% RR rate and are shown along the bottom of both graphs with 0 evalu ated
therms savings . Appendix A summarizes the 8 sites for which M&V activities were com pleted, with vital
statistics such as the site ID, the verified measure description, tracking savings , and RR.

8 Impact Evaluation of PY2016 Custom Gas Installations in Rhode Island
9 Impact Evaluation of PY201 7 Custom Gas Installations in Rhode Island
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Figure 5-1: PY201 8 Reported and Evaluated Annual Natur al Gas Savings  (all savings sites)
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Figure 5-2:PY201 8 Reported and Evaluated Annual Natural Gas Savings (small savings sites
only)
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5.1.1.1 Non -Operational Adjustment Results

Traditional desk reviews contain baseline, methodology, and tracking/admin ad justment factors. These
factors are completed with project files, tracking data, and preferably a site contact interview. Technology

and quantity adjustments are verified and obta ined during the 1 st site -visit or through a virtual visit. The
team was able to perform the desk review and 1 st site visits on all 8 of the sampled sites.

Table 5-1.PY2018site  -level unweighted non -operationa | adjustments

Tracking Non -Operational A djustments
Site Measure SEWIIE ! Tracking ]
Type | (therms) Baseline Methodology /Admin Technology Quantity
0 0

2018RIG78 Process - 17,625 -8,961 -8,664 0
Laundry
Controls and
2018RIG26 EMS 1,349 0 0 0 0 0
2018RIG27 ~ Contols aé‘,\‘j'ls 8,011 0 -5,808 0 -1,362 0
2018RIG64 Process - 3,687 0 0 0 0 0
Laundry
Process i
2018RIG43 Equipment/C 691,953 0 0 0 0 0
ontrols
Process i
2018RIG55 Equipment/C 207,347 0 0 0 0 0
ontrols
2018RIG19 Steam Traps 8,730 0 0 0 0
2018RIG58 Steam Traps 18,863 0 0 0 0
The site 2018RIG78 had 51% of savings removed in tracking and admin adjustment factors since tracking
savings appear to be based upon three washers and three dryers. The project documentation includes a
revised memo where the applicant re -calculated savings for two washers and two dry ers, andi t does not

appear that the tracking savings were updated with these values. The customer installed two of each unit,
not three of each unit . The remaining 49% of savings were removed since the proposed washer was not
installed. The team chose tec  hnology over quantity since there was an operating washer in place, but the
replacement technology was never installed to improve efficiency.

For 201 8RIG27, evaluators found the installed technology was not capable of maintaining a hot water

setpoint to pr  operly implement the DDC controls and hot water reset controls. Additionally, the original

analysis algorithm from which savings were based was based on consumption data that was not verified in
the billing data. Therefore, the savings from methodology wer e reduced after consumption data was
calculated from billing data collected for this site.

All other sites did not contain non -operational adjustment factor discrepancies, but rather all discrepancies
are operational adjustments.

Forthcoming sections prese  nts the descriptions of the general discrepancies for all sampled sites in non -
operational and operational adjustment factors. Table 5-6 contains the weighted adjustment factors for all 8
sampled sites.
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5.1.1.2 Operational Adjustment Resul ts

The results from a full evaluation include all adjustment factors found in the desk review and 1t site visit
while also including the additional operational adjustments (operational and HVAC -interactive adjustments ).
These factors are obtained after lo gger pickup and analyzing long  -term data (trending data is categorized in

the se adjustments).  Table 5-2 shows the operational adjustments after the non -operational adjustme  nt
factors are summed from Table 5-1. As ment ioned, operational adjustments for sites 2018RIG64 and
2018RIG55 were not calculated as the 2 nd site visit has not been completed due to the non -respons iveness
of the customer.

Table 5-2.PY2018sit e-level unweighted operational adjustments.

Non - Operatlonal

Operational Adju stments

2018RIG78 Process - Laundry 0

2018RIG26 Controls and EMS 1,349 -1,349 0

2018RIG27 Controls and EMS 841 -841 0

2018RIG64 Process - Laundry 3,687 Not calculated * Not calculated *

2018RIG43 : FIEEEES 691,953 +2,989 0
Equipment/Controls

2018RIG55 . Process | 207,347 Not calculated * Not calculated *
Equipment/Controls

2018RIG19 Steam Traps 8,730 +1,725 0

2018RIG58 Steam Traps 18,863 -2,476 0

*Future attempts will be made to evaluate the sites where operational adjustments were not obtainable.

Both steam trap sites were adjusted based on metering data that captured operating hours for the facility.
Savings were also a djusted based on steam pipe pressure or temperature and boiler efficiency. All
adjust ments are operational which require metered data or multiple observations.

2018RIG43 contained o perational differences include RTO effectiveness, airflow, baseline combust ion
temperature, pollutant burn -off heat, and system efficiency . The overall adjustmentis small (0.4%) when
compared to the overall savings at the site level.

The controls and EMS project savings were reduced to 0 savings after the evaluation team determi ned the
operating behavior of the system did not perform as documented. The s ites either did not have proper
programming of the governing controls to achieve savings or the system itself was incapable of achieving

savings from technological constraints tha t were observed from trend data.

5.1.1.3 PY2018 Combined Operational and Non -Operatio nal Results

As previously discussed, a2 -sample approach was implement ed since two sites did not provide enough
information to calculate operational adjustment factors. Therefore, two sets of weights are applied in
aggregating study results, one set based on the eight sites receiving non -operational adjustments, and the
second set based on the six sites analyzed for operational adjustments. Results are tabulated using the
methodolo gy described in Section 3.7 . Table 5-3 below presents the case weights , realization rates for non -
operational and operational inner -year sa mples, and the overall realization rate for PY20  18.
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Unweighted

Site ID Tracking

Savings

(therms)
2018RIG78 17,625
2018RIG26 1,349
2018RIG27 8,011
2018RIG64 3,687
2018RIG43 691,953
2018RIG55 207,347
2018RIG19 8,730
2018RIG58 18,863

Table 5-3. Realization Rate Calculation

4.50
20.33
20.33
20.33

1.00

4.50

8.00

8.00

Non - Operational

Weighted
Tracking
SEW e

(therms)

79,313
27,430
162,890
74,969
691,953
933,062
69,840
150,904

Weighted
Evaluated
Savings
(therms)

0
27,430
17,103
74,969
691,953
933,062
69,840
150,904

Operational

*Future attempts will be made to

The realization rate for PY2018 RI C
2 inner -year samples from non

The realization rate is higher than expected when considering there were 3 sites that cont

Non - Operational RR

89.7%

evaluate the sites where operational adjustments were not obtainable.

Weighted Weighted
Weig ht Tracking Evaluated
(-) SEWI[[S SEWI[S
(therms) (therms)
9.00 0 0
30.50 41,145 0
30.50 25,655 0
N/ A* N/ A* N/ A*
1.00 691,953 694,942
N/ A* N/A* N/A*
8.00 69,840 83,640
8.00 150,904 131,096
Operational RR 92.9%
PY2018 Overall RR 83.3%

ustom Gas installations is 83.3%. The overall RR is calculated using the

savings after all adjustments. The overall realization rate is
seen in Table 5-3 by comparing the weighted savings

weighted tracking savings totals.

-operational (89.7%) and operational (92.9%) rea

lization rates.

ained 0 therm

largely impacted by 2 018RIG43 which can be

After tracking savings are weighted for operat

. 2018RIG43 accounts for 70.6% of the operat ional,
ional adjustments, the

694,942 weighted therms saving site is larger than all other sites combined. Therefore, 100% RR of this

large site is compensating for the zero or

5.1.2 Discrepancy Results

For each of the 8 sites included in the

differences between the program
classified int o seven categories:
interaction , and operational . A more discrete breakdown of differences is presented below

low RR sites.

baseline, methodology,

PY2018 study, the site engineers identified factors that led to
-reported (tracking) savings and the evaluated savings. The factors are

tracking/ adm inistrative, technology, quantity, HVAC

in Table 5-4.
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Table 5-4:PY201 8 Discrepancy Factors and their Mapping to Major Categories

Major Discrepancy

Baseline
Methodology
Tracking/Admin
Technology

Quantity

Operational

HVAC Interaction

Basic Discrepancy

Baseline

Analysis Methodology

Tracking Savings

Differences in proposed vs. ins  talled technology
Quantity of installed equipment

Boiler combustion efficiency

Difference in equipment hours of operation
Equipment load profile

Inaccurate pre -project characterization

Steam operating pressure

System optimi  zation or programming not implemented
Faulty or improperly installed equipment

Interactive effects

The evaluation team used the site - specific sampling weights and the site -specific impacts of discrepancy to

calculate the impact of adj ustment factors for differences between the program and evaluated results at the

population level . Table 5 -2 below presen ts the discrepancy factors and their impacts. There were no baseline

or quantity adjustments discrepancies found in the sample.

specific comparisons found in

Table 5-6.

Most di screpancies are operational with site -

Table 5-5: PY201 8 Weighted Discrepancy Factors Between Tracking and Evaluated Results

Baseline
Methodology
Tracking/Admin
Technology
Quantity
Operational*
Interactive*
Total

unts Impact on RR
0 |

o A O N P DN

*Only for the 6  sites with full evaluation completed

Adjustment percentages found in
the site level. The percentages are the total adjustments for o

when compared to  site -level savings.

perational and non

0.00%
-0.41%
-0.63%
-0.71%
0.00%
-14.94%
0.00%
-16.70%

Table 5-6 are the magnitude of changes for each site and are reported at

-operat ional adjustments

The | argest tracking savings sitesd discrepancies factors
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2018RIG27 had the largest discrepancy at the site level due to anon -operational difference of -65% for
the total site -level savings . 2018RIG27 did not install DCV measures per the proposed case and the original
methodology estimated a much higher gas consumption than billing data history shows.

2018RIG26 hadt he second largest site -level discrepancy as an operational adjus tment of -59%. The EMS
system was not programmed and did not operate at the specific levels necessary to achieve savings. The
operational conditions resulted in O therm s savings for the site.

Table 5-6:Non -Op erational and Operational Weighted Discrepancies
Non -Operational

step | Lackng | Eaualed | weghted Discrepancy O ecrepancy (6)
2018RIG78 17,625 0 -35% 0% 0.0%
2018RIG26 1,349 0 0% -59% 0.0%
2018RIG27 8,011 0 -65% -37% 0.0%
2018RIG64 3,687 3,687 0% 0% 100.0%
2018RIG43 691,953 694,942 0% 4% 100.4%
2018RIG55 207,347 207,347 0% 0% 100.0%
2018RIG19 8,730 10,455 0% 20% 119.8%
2018RIG58 18,863 16,387 0% -28% 86.9%
Detailed information on site -specific differe nces is presented in Section 3 of each site report , which is

included in Appendix B.

5.2 Combined Results

The evaluators calculated the gross RR using the results from PY2016, PY2017, and PY201 8. The results are
summar ized in Table 5-7. PY2016 and PY2017 achieved much bette r precisions than estimated in the design
(Table 3-5) primarily due to the low variance in large stratum site results . Site s 2018RIG43 and 2018RIG55
tracking savings cov  er nearly 3 9% of the en tire program savings and sampling both the large sites have
reduced the error in the overall expanded results. The PY2018 relative precision is higher than the two prior
evaluation years due to the 2 -sample approach introduced from non -participation of two  sites during logger
retrieval and trend data delivery (2018RIG55 and 2018RIG64). The decision to use the 2 -sample approach
for PY2018 was made to  avoid having to drop these two sites. It allowed incorporation of information found
from the initial site vis  its of the 2 non - patrticipating sites, and 2018RIG55 was a large site that the team
deemed important for the ev aluation. Efforts will continue to acquire the trending data from this site to

provide a full evaluation in the future , however, the combined resu Its summarized below are valid for
application until the next year of the rolling evaluation is completed
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Tab le 5-7. 3 -Year Rolling Plan Results and Statistics

PYs

Parameter PY2016 PY2017 PY2018 2016+2017
+20 18
Tracking Savings 1,114,770 1,948,383 2,350,739 5,413,892
Sample Size 8 6 610 20
Realization RatéRR) 71% 92% 83.3% 84.2%
Relative Precision @ 80% CI ( +10.6% +2.3% +22.6% +10.1%
Error Ratio (ER) 0.27 0.30 0.27 0.55
- 95— /]
The relative precision o fthe RR (+10.1%) meets the design precision targets proposed and presented above,
in Section 3.1.3, after combining the current evaluation year (2018) and the prior 2 years of results (2016 &
2017) .
The original sample was designed to estimate the overall realization rate  of the program by combining
results from three program year evaluation studies (PYs 201 6,201 7,and 201 8)to achieve the agreed -upon
precision targets of +20% relative precision at 80% confidence for a Custom gas study . In this case , the

precision target w  as achieved by combining results fr om PY2016, PY2017, and modified PY2018 (based on
the methodology discussed in Section 5.1). Table 5-7 shows the individual PY2016 , PY2017, and PY2018
results along with the combined 3  -year rolling evaluation for PY2016, PY2017, & PY2018.

5.3 Conclu sions, Recommendations and Considerations

This section presents the conclusions, recommendations, and of the impact evaluation study.

5.3.1 Conclusions

PY201 8 Performance . The program continues to generate significant natural gas savings. In RI, the
PY2018 custo m gas projects saved an estimated 2.35 million therms (adjusted gross savings) annually with

83.3% of the savings realized based on the evaluation sample for Rl PY2018 sites. Combined over the 3 -
year rolling sampling period, the program realized 5.4 millio n therms with 84.2% of savings realized.
DNV GL will continue to work with National Grid to finalize the remaining two full site reports should t he sites

continue with the evaluation. However, the current results are accurate within state and regulatory
standards and provide adequate planning and program reporting savings estimations. Should the sites finish

the evaluations, DNV GL does not expect a large deviation from current results.
Site - specific sample weights are shown in APPENDIX A . More details on the PY2018 results are presented in
section below, and in each site -report included in  APPENDIX B.

5.3.2 Recommenda tions

DNV GL reviewed project files, conducted detailed analyses of the information provided in the files, and
quantified discrepancies to make the recommendations presented below.

10 The minimum sample size of each of the inner samples for the PY2018 evalua tion (non-operational adjustments sample size is8 and operational
adjustments sample size is 6 ) dictates the overall sample size of the year.
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5321 R1: Realization Rate

DNV GL recommends National Grid to use the PY2016, PY201 7, & PY2018 combined RR  of 84.2% for
planning and program reporting, starting with PY2021 and continuing to subsequent years until new impact

evaluation study results are available. The applicable RRs are no tedin Table 5-7. This recommendation was
based on the following factors:

1  When PY2016 (71%) , PY2017 (92%) , & PY2018 (83.3%) results are pooled, the study produced
state -wide r esults that met precision targets of +20% relative preci  sion at 80% confidence (actual:
+10.1% at 80% confidence level).

Based on the results listed for PY2018, an Error Ratio Target  of 0.55 has been recommended for 2019 RI
Custom Gas Impact Evaluation to achieve the next 3 -year rolling savings evaluation preci sion targets.

5.3.2.2 R2: EMS/Control Calculation Method and Commissioning

EMS and Control measure projects (2) evaluated in the PY2018 sample resulted in 0 savings. EMS systems

are difficult at best to achie ve an accurate savings estimate without prior system beh avior monitoring, and
the deemed savings calculator is inadequate for these types of projects. Additionally, several checks were

not performed at the sites to ensure proper EMS programming was complet ed or if the system could
perform at the levels necessar y to ensure savings were achieved. DNV GL recommends the following items

to improve EMS and Control based measures to improve the current process:

d) For all EMS/Control based projects, including smaller projects , consider adding  certain level s of
verificatio nsuch as : 1) verify trend data  demonstrates control s are operating as designed , 2)
captur e screenshots of the new interface that contains setpoints , or 3) some other meaningful form
of documentation to ensure control based claimed savings are operational and achieving savings

e) Update the energy management system (EMS) savings calculator or require custom savings
calculators from vendors with better post -inst allation verification to better document energy savings

f) Document pre -installation site conditions, pr e-installation trend data, pre -installation operating
protocols, and pertinent information for evaluators to compare baseline conditions to new operation
with the overall intent of verify ing system changes and evaluat ing savings

2018RIG26 and 2018RIG27: Pre-existing control sequences determine the energy savings associated

with implementing simple control sequences, such as the ones considered for this proje ct, but there is solely
anecdotal information available about the pre -existing system operation. The custom express EMS program
does not require documentation to inform baseline system assumptions for the energy savings calcu lations,
S0 a comparative pre  -condition is missing for energy savings calculations. The evaluation fi nding indicates
the EMS custom express tool does not adequately consider pre -existing system control sequences to allow

for accurate energy saving calculat ions. In addition, the evaluator found that the sequences claimed for

savings are not implemented as expected. Optimal start/stop is not implemented, HW reset is not working

properly, and there is very little difference between occupied and unoccupied op eration although there is an

occupancy schedule.  Both sites resulted in 0% RRs.

5.3.2.3 R3: Post Inspection V erification for Large Projects

A smaller project, discussed below, had it s commissioning combined with a larger, CDA project at the same
site which resulte dinnot observing a measure that was not installed. DNV GL recommends that National
Grid e xamines the system in place for post -commissioning and post  -inspecting to determine how the error
was caused and to place mitigation efforts to improve fut ure practices. For example, invoice quantities can
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verify amounts purchased for the measures especial ly when there are multiple applications for a specific
location.

2018RIG78 : The project, installation of high efficiency washing machines, was completed a t the same time
as a larger CDA project for the hotel that was included in a separate Parent/Child ap plication. The CDA
project included typical HVAC and lighting measures, e.g. building envelope, VRF systems, etc. because the

washing machines were not in stalled, and it was determined they were never post inspected. A post -

inspection and utility commissi oning were performed for the measures included in the larger CDA project,
but reviewing the washers and dryers was not included in the post -inspection, tho ugh they were marked as
installed. The washer/dryer applications should have been post -inspected. The project resulted in a 0% RR.

5.3.3 Considerations

Using the results of the study, the evaluation team generated a list of considerations, summarized below.

5.3.3.1 C1l: Washerand  Dryer Measures

Discrepancies from washer and dryer measures were common for the two sites evaluated in this study. The
discrepancies varied from tracking savings discrepancies, administration errors, and post -commissioning
errors. To avoid these issues, N ational Grid may consider using invoices for savings verification.

2018RIG 78 : The claimed savings appear to be based upon three washers and three dryers. The project
documentation includes a revised memo where the applicant re -calculated savings for two wa  shers and two
dryers. It does not appear that the application was updated with these values. The customer installed two of

each unit, not three of each unit. The application should have been updated to include the revised savings
calculations , though this issue was not as important as the fact that the washers and dryers were never

installed as discussed above . The evaluator discussed the project im plementation process for this specific
application with the PA  which resulted in a 0% RR, as it was determined that the equipment was never
installed .
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APPENDIX A. POST STRATIFIED SAMPLE WEIGHTS

This Appendix lists the weights that were used to calculate over realization rates for the program.

Table 5-8: Post - Stratified Sample Weights.

Sample ID Application s Opeg(t)ignal O%;?ggtnsal g:st:gg Eézl\;ztgesd Reall:izz;teion
Weights
2018RIG19 7919893 8.00 8.00 8,730 10,455 119.8%
2018RIG26 8575048, 7464523 20.33 30.50 1,349 0 0.0%
2018RIG27 8575046 20.33 30.50 8,011 0 0.0%
2018RIG43 6795554, 5771727 1.00 1.00 691,953 694,942 100.4%
2018RIG55 g?gigig: ggggggg' 450 N/A 207,347 207,347 100.0%
2018RIG58 7474075 8.00 8.00 18,863 16,387 86.9%
2018RIG64 7454434 20.33 N/A 3,687 3,687 100.0%
2018RIG78 8766309, 7031427 450 9.00 17,625 0 0.0%
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APPENDIX B. SITE REPORTS

2018RIG19
Report Date:  7/21/20
Program Administrator National Grid
Application ID(s) 7919893
Project Type Retrofit
Program Year 2018
Evaluation Firm DNV GL
Evaluation Engineer Harsh Engineer; Laeng Khoun; Glenn Gavi D N V- G L
Senior Engineer Chad Telarico




Evaluated Site Summary and Results

The project was implemented at a high school and consisted of replacing or repairing 50 pre -existing
steam traps that had failed. Failed traps w ere classified as leaking. The total project savings for this

measure is 8,730 therms. The measure was classified as a retrofit measure. The pre -existing conditi  on
was based on a steam trap survey conducted by a third -party steam specialist. In the survey, each
trap was classified as  fully operational, leaking, or not in service . 170 traps were inspected as part of

the survey.

The evaluation results are presented in Table 5-9. The project is classified as a retrofit with a single

baselin e. E valuators were permitted to access 1 3 of the 50 replaced  steam traps. The evaluators
conducted ultrasonic leak checks, took infrared pictures with temperatur e readings, and installed
thermocouple loggers where feasible. It was also found that the facil ityéds heating season typioc

from mid -October to mid -May.

Table 5-9. Evaluation Results Summary

PA Application ID Annual Savings (therms)

Tracked 8,730
7919893 Steam Traps Evaluated 10,455
Realization Rate 119.9%
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Explanation of Deviations from Tracking

The evaluated savings  resulted in an increase of 19.9% as compared to the tracked savings. The key
reason is an increase in usage hours of steam traps which increased savings. Othe r discrepancies are:
an increase in operating pressure that increases savings; some steam traps were found leaking during

the site visit which decrea  sed savings; and boiler combustion efficiency tests were completed which
decreased savings

Recommendation s for Program Designers & Implementers

Overall, the tracking savings estimation and inputs to the steam trap calculator were well

documented. The main discrepancy is the applicant assumed, annual operating hours of 1,700 hours

for steam traps used for spac e heating in Rhode Island. This assumption is under the average hours
metered and weather normalized by evaluators (2,125 annual h ours).

Customer Alert

The customer was happy with the relatively minor upgrade project and is happy to continue to work
with N ational Grid in the future.

Evaluated Measures

The following sections present the evaluation procedure, including the findings fr om anin -depth
review of the supplied applicant calculations and the evaluation methodology determined to be the
best fit for the site with the information available.

The measure evaluatedwas | mpl emented by the site to fix eemmeam | eaks in
distribution system by replacing or repairing failed steam traps. The measure involves replacing ( 50)

steam traps that wer e found to be leaking. This was a result of a facility -wide steam trap survey that

was conducted . A total of ( 170 ) steam traps wer e inspected as part of the survey . The main function

of steam traps is to remove condensate from the steam lines while reducin g steam loss . A failed

steam trap would result in leaking of pressurized steam from the steam lines either to the outside air

or i nto the condensate lines. This could result in multiple problems such as water hammer, increased

boiler load, reduced system e fficiency, steam line rupture etc. Maintenance of steam traps is essential

for proper functioning of equipment in the steam distri bution system.

The tracking documentation lists the steam traps that were inspected as part of the survey and

classifies them as fully operational, leaking, or not in service. The following sections present the
applicant and evaluator approaches for determ ining the gas savings resulting from fixing the steam
leaks.

Application Information and Applicant Savings Methodology

This se ction describes the application information, savings methodology provided by the applicant, and
the evaluation assessment of the s avings calculation algorithm used by the applicant.

Applicant Description of Baseline

The measure was classified as a retrofit measure. The pre -existing condition was described based on a
steam trap survey conducted by a third -party steam specialist. In th e survey, each trap was classified
as fully operational, plugged, leaking, blowing by or not in service. A total of (170) trap S were

inspected as part of the survey. The steam distribution system consists of multiple boilers serving
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multiple heating system s (such as unit heaters, heat exchangers etc.) in one main building at the

facility. The pre -existing steam traps were of the following types:

A Float and Thermostatic

A Thermostatic Angle or Straight

A Inverted Bucket

The traps were located between 3 and 10 -feet above the ground. The steam pressure in the lines is

documented as 4  psiq. Based on an interview with the site contact , the facilityds heating se

typically lasts  from mid -October to mid -May. The 50 steam traps which were replaced are found in
Table 5-10.

Table 5-10 shows the list of traps that were proposed to be fixed dur ing the steam leak survey and
the steam trap characteristics

Table 5-10.Summary of B aseline Equipment

Pipe Dia Orifice Steam

Trap Application ) o Pressure
P APP (in) Dia (in) (psig)
1 215515 Radiator Trap 1/2" 0.25 4
2 215404 Radiator Trap 1/2" 0.25 4
3 215516 Radiator Trap 1/2" 0.25 4
4 215508 Radiator Trap 1/2" 0.25 4
5 181856 Univent 3/4" 0.21875 4
6 181840 Radiator Trap 1/2" 0.25 4
7 181842 Radiator Trap 1/2" 0.25 4
8 181843 Radiator Trap 1/2" 0.25 4
9 181847 Radiator Trap 1/2" 0.25 4
10 181893 Radiator Trap 1/2" 0.25 4
11 181897 Radiator Trap 1/2" 0.25 4
12 181898 Radiator Trap 1/2" 0.25 4
13 181900 Radiator Trap 1/2" 0.25 4
14 181904 Radiator Trap 1/2" 0.25 4
15 181838 Radiator Trap 1/2" 0.25 4
16 215401 Radiator Trap 1/2" 0.25 4
17 203543 Radiator Trap 1/2" 0.25 4
18 203460 Radiator Trap 1/2" 0.25 4
19 215509 Radiator Trap 1/2" 0.25 4
20 200100 Radiator Trap 1/2" 0.25 4
21 203542 Radiator Trap 1/2" 0.25 4
22 215513 Radiator Trap 1/2" 0.25 4
23 215505 Radiator Trap 1/2" 0.25 4
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Trap Application Pip(?n)D B D(i)arlif(iiis Prsetsestzrr]e
(psig)
24 181868 Univent 3/4" 0.21875 4
25 181861 Radiator Trap 1/2" 0.25 4
26 181869 Radiator Trap 1/2" 0.25 4
27 184780 Radiator Trap 1/2" 0.25 4
28 184800 Radiator Trap 1/2" 0.25 4
29 184604 Radiator Trap 1/2" 0.25 4
30 203541 Radiator Trap 1/2" 0.25 4
31 184799 Unit Heater 1/2" 0.25 4
32 176421 Radiator Trap 1/2" 0.25 4
33 184790 Drip Leg 3/4" 0.25 4
34 184791 Drip Leg 3/4" 0.25 4
35 184794 Unit Heater 1/2" 0.25 4
36 184795 Drip Leg 3/4" 0.188 4
37 200098 Unit Heater 1/2" 0.25 4
38 184796 Drip Leg 3/4" 0.188 4
39 184797 Drip Leg 3/4" 0.188 4
40 184798 Drip Leg 3/4" 0.188 4
41 203540 Radiator Trap 1/2" 0.25 4
42 184785 Drip Leg 3/4" 0.188 4
43 184786 Drip Leg 3/4" 0.188 4
44 184787 Drip Leg 3/4" 0.188 4
45 184788 Radiator Trap 1/2" 0.25 4
46 184789 Radiator Trap 1/2" 0.25 4
47 184610 Drip Leg 3/4" 0.188 4
48 184601 Drip Leg 3/4" 0.188 4
49 184607 Radiator Trap 1/2" 0.25 4
50 184777 Unit Heater 1/2" 0.25 4
Applicant Description of Ins talled Equipment and Operation
The site conducted a facility  -wide steam trap survey to detect faulty steam traps. The site fixed the
leaks by replacing ( 50) failed steam traps out of the ( 170) traps that were inspected as part of the
survey. The steam trap s that were fixed are shown in Table 5-10 above.

Applicant Energy Savings Algorithm

The applicant used the  new state -wide 2017 Steam Traps calculator to calculate the savings for
repaired or replaced failed traps. The custom saving s equation developed through the referenced
study has been adopted by the evaluators and is described below.
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- 006 M Q 6Y 0OEol
YoQi gm0 0 pEg 8

p T 1T TT—
where,
"Yu "Qi = Annual energy savings per year (therms)
QT = Empirically derived factor in Grashof equation (Ib m/(in 006 1097 _hr))
O = Diameter of steam trap orifice (inches)
0 = Pressure of steam in line at trap (psig); add 14.7 to get psia
T8O X = Empirically derived factor in Grashof equ ation
0O = Leak factor is determined through field testing and accounts for partially

obstructed orifices or non  -ideal steam flow. Plugged traps use a value of 0%
(i.e. no savings result from fixing a plugged trap), leaking traps use a value of
26% and b lowing by traps use a value of 55%

0 = Discharge coefficient (70%) due to trap hole not being a perfect orifice

"QHQ = Enthalpy of saturated steam and liquid, respectively; associated with
specified trap operating pressure (Btu/lb)

0'Y = Condensat e return factor accounting for energy returned from
leaking/blowing by traps via a condensate return line. (36.3%)

Ve ol i = Hours per year that a trap is pressurized and operating

p Tt 1t TU = Therms per Btu conversion

- = Boiler plant effici  ency

Eva luation Asse  ss ment of Applicant Methodology

The applicant used the state  -wide 2017 Stream Traps calculator which is the standard template used
by the Program Administrator to calculate the savings for repaired or replaced traps. The evaluator
agre es with t he savings approach used by the applicant.

On - Site Inspection and Metering

This section provides details on the tasks performed during the site visit and the gathered data.

Summary of On  -site Findings

A site visit was conducted in February 2020 to verify t he steam traps were replaced. S pot
measurements were conducted (temperature checks and ultrasonic readings) and HOBO thermocouple
loggers were installed to confirm the operation of the steam traps that were claimed to be replaced as
part of the pr oject. Th e site visit involved a combination of visual inspection, measuring temperature,

using an ultrasonic leak detector , and boiler combustion tests to determine if the traps operate as

intended along with steam distribution system efficiency

The site is a pub lic high school that consists of asinglebuildng . The facilityés steam di

str

system hasthree boilers t hat serves all the facil Thehoifersarshuit#iaan requi r ement
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lead lag system with a backup for high load periods. The steam is u sed for space heating purposes

and the different steam lines serve multiple end -use applications such as unit heaters , heat
exchangers , and other heating systems. The operating pressure of the steam isdocumented at4  psig
but onsite engineers fo  und the operating pressure of all steam lines at 5 psiy. Onsite evaluators
pressure determination is further verified by a commissioning report performed by Rise Engineering

with the same determination of 5 psi for the steam pressure. The evaluators evalua ted (13) steam
traps that were claimed as part of the project in the applicant documentation. Evaluators monitored

(112) of the steam traps either with a single channel HOBO thermocouple logger or through a

multichannel logger.

During the site visit, the ev aluators visually inspected 1 3 steam traps . The evaluators conducted
ultrasonic leak checks,  took infrared pictures , took spot temperature readings, and installed

thermocouple loggers  to measure long term temperature where feasible. The evaluators found th at 2
of the 13 inspected steam traps were not energized during the time of the initial visit, i.e. there was

no steam passing through the lines on which the two traps were located. The steam traps were not
operating since the school was on a break and cons truc tion was underway in specific areas of the

school during the week evaluators visited. Two other steam traps were faulty as one was found

leaking water and another failed the ultrasonic test. Site contact confirmed the traps were normally

operating and woul d energize once construction ended within a day or two. The site contact confirmed
that the heating season is typica Ily from October to May.

Table 5-11 summarizes the m easures verified after project installation and the changes found during
verification.

Table 5-11. Measure Verification

yT—— y——

Most steam traps are operating as

Conduct ultrasonic leak expected. 2 of 13 inspected steam
checks, t ake infrared traps were found to be leaking (one
Steam Traps pictures, document visibly leaking water and the other
temperature read ings, and thr ough ultrasonic inspection).
install thermocouple loggers Operation hours vary compared to

applicant e stimations.

Measured and Logged Data

The tasks completed by the evaluators during the site visit is summarized below:

1  Visually inspect ed (sample d) new/repaired steam traps (13 inspected)
1 Take infrared pictures with temperature readings of new/repaired st eam traps
1 Perform ed ultrasonic leak checks  using an ultrasonic leak detector of new/repaired steam

traps (inspected 13)

1 Install thermocouple loggers to meter temperature dat aon sampled steam traps where
feasible (installed on 11 unique steam traps)

Steam traps were binned based on the steam trap type and pipe diameter as found in Table 5-12.
Annual hours and pressure are constant throughout the steam trap population, so they were not used

in the sampling method. Most steam traps ar e grouped in sample group numbers 2 & 3.They acc ount
for 45 of the 50 steam traps repaired or replaced at the facility. These sample groups were spot

checked more than others and had meters placed to capture enough operating hour schedules .
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Table 5-12.Ste am Trap

Steam Trap  Type

Sample Bins Based on Steam Trap Type and Pipe Diameter

Pressure Pipe Diameter

(psig) (in)

Count of Repair/
Replace

1 1,700 Float & Thermostatic 5 3/4" 2
2 1,700 Inverted Bucket 5 3/4" 11
3 1,700 Thermostatic Angle 5 1/2" 34
4 1,700 Thermostatic Straight 5 1/2" 3

The steam trap grouping numbers are found in

steam traps. A
metered are found in

Table 5-14.

Table 5-13. Steam Trap Groups

Table 5-13 for the population of replaced/repaired

summary of the sample groups and the amount of steam traps spot measured or

Trap Group Trap Orifi.ce Steam
SI.No Tag 4 Application Tra p Type I;Ma Pres_sure
(in) (psig)
1 215515 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
2 215404 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
3 215516 1 Radiator Trap Float & Thermostatic 1/2" 0.25 5
4 215508 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
5 181856 3 Univent Thermostatic Angle 3/4" 0.21875 5
6 181840 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
7 181842 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
8 181843 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
9 181847 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
10 181893 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
11 181897 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
12 181898 4 Radiator Trap | Thermostatic Straight 1/2" 0.25 5
13 181900 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
14 181904 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
15 181838 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
16 215401 1 Radiator Trap Float & Thermostatic 1/2" 0.25 5
17 203543 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
18 203460 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
19 215509 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
20 200100 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
21 203542 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
22 215513 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
23 215505 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
24 181868 3 Univent Thermostatic Angle 3/4" 0.21875 5
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Trap Group Trap Orifi_ce S
SI.No Tag # Application Tra p Type pla Pres_sure
(in) (psig)
25 181861 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
26 181869 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
27 184780 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
28 184800 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
29 184604 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
30 203541 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
31 184799 3 Unit Heater Thermostatic Angle 1/2" 0.25 5
32 176421 2 Radiator Trap Inverted Bucket 1/2" 0.25 5
33 184790 2 Drip Leg Inverted Bucket 3/4" 0.25 5
34 184791 2 Drip Leg Inverted Bucket 3/4" 0.25 5
35 184794 3 Unit Heater Thermostatic Angle 1/2" 0.25 5
36 184795 3 Drip Leg Thermostatic Angle 3/4" 0.188 5
37 200098 3 Unit Heater Thermostatic Angle 1/2" 0.25 5
38 184796 3 Drip Leg Thermostatic Angle 3/4" 0.188 5
39 184797 3 Drip Leg Thermostatic Angle 3/4" 0.188 5
40 184798 3 Drip Leg Thermostatic Angle 3/4" 0.188 5
41 203540 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
42 184785 3 Drip Leg Thermostatic Angle 3/4" 0.188 5
43 184786 2 Drip Leg Inverted Bucket 3/4" 0.188 5
44 184787 2 Drip Leg Inverted Bucket 3/4" 0.188 5
45 184788 2 Radiator Trap Inverted Bucket 1/2" 0.25 5
46 184789 3 Radiator Trap Thermostatic Angle 1/2" 0.25 5
a7 184610 2 Drip Leg Inverted Bucket 3/4" 0.188 5
48 184601 2 Drip Leg Inverted Bucket 3/4" 0.188 5
49 184607 2 Radiator Trap Inverted Bucket 1/2" 0.25 5
50 184777 4 Unit Heater Thermostatic Straight 1/2" 0.25 5

Table 5-14 . List of Steam Traps with Ultrasonic Readings or Metered with Loggers

B Steam Ultrasonic Metered
P Tra Inspected Steam
Pipe Size Pressure CourF:t Steam Trap Trap
(in) (psig) Count Count
Float & .
1 Thermostatic 3/4 S 2 1 1
2 Inverted Bucket 3/4" 5 11 2 4
3 Thermostatic 12" 5 34 9 5
Angle
Thermostatic "
4 Straight 1/2 5 3 1 1
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The thermocouple loggers were installed to estimate the operating hours of the steam traps, i.e. the
total hours the steam lines were energized during the metering period. Table 5-15 below shows the
list of HOBO thermocouple temperature loggers that were installed during the site visit:

Table 5-15. List of Thermocouple temperature loggers installed

Steam
Trap Tag
#

Group
#

Logger Type Metering Period S

Interval

1 HOBO Thermocouple 02/20/2071 07/17/20 20556573 | 5-Minutes 181856 1
2 HOBO Thermocouple 02/20/2071 07/17/20 20531927 | 5-Minutes 181847 3
3 HOBO Thermocouple 02/20/207 07/17/20 20790564 | 5-Minutes 215508 3
4 HOBO Thermocouple 02/20/2071 07/17/20 20556570 | 5-Minutes 215401 3
5 HOBO Thermocouple 02/20/2071 07/17/20 20790561 | 5-Minutes 203543 3
6 HOBO Thermocouple 02/20/2071 07/17/20 20580014 | 5-Minutes 200098 3
7 HOBO Thermocouple 02/20/2071 07/17/20 20557177 | 5-Minutes 184796 2
8 HOBO Thermocouple 02/20/2071 07/17/20 20557177 | 5-Minutes 184797 2
9 HOBO Thermocouple 02/20/2071 07/17/20 20557177 | 5-Minutes 184798 2
10 HOBO Thermocouple 02/20/2071 07/17/20 20790563 | 5-Minutes 184789 4
11 HOBO Thermocouple 02/20/2071 07/17/20 20790562 | 5-Minutes 184601 2

The loggers captured surface temperature of the steam line and ambient air temperature in 5 -minute

intervals. One logger (installed on Trap# 215401 in sample group 3) was not returned by the site

contact.

Evaluation Methods and Findings

This section describes the evaluator methods and findings.

Eva luation Description of Baseline

The evaluation baseline is a retrofit with a single baseline. The evaluator agrees with the applicant

baseline based on data collected during the site visit and the results of the steam trap survey

conducted. Discussion with the site contact confirmed that the pre -existing traps were leaking and

that a total of (50) traps were fix ed, which agrees with the number claimed in the applicant

documentation.

Evaluation  Calculation  Method

The evaluated savings for this site were calc ulated using the  state -wide 2017 Steam Trap calculator

Spot temperature measurements were taken, and loggers monitored surface temperature data to
confirm the inlet steam pressure using the saturated steam properties which proved the system

operates at 5 psi. Ultrasonic decibel readings were taken before and after each trap, as well as in

proximityto each trapdés orifice, to det er gnd fuectiomfrapsthaare t he trap app

failed open typically have a decibel reading at the orifice that is hi gher than the decibel reading before

or after the trap. One of the traps tested exhibited that ch aracteristic, so  this trap is considered to

have failed at some point before the evaluator inspected the trap. Another trap was clearly leaking
water and not  functioning properly during operation. All other traps were found to be functioning
properly. The following table shows the Ultrasonic readings taken at the following steam traps:
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Table 5-16 . List of Steam Tra ps with Temperature and Ultrasonic Readings with Metered

Hours
U Logged Temperature ( °F.). Ultrasonic (dB) [Max(in Trap
Sl. Trap Inlet [LhE In let | Outlet Orific Inle o ,Out) Functional
Tag # Pressure NEO\:Z;S‘;?:S temp Temp Ter(; t O(gggt eO(r(;f; = from
(psi g) Hours (hr) (°F) (°F) (°F§) (]3)) Orifice] Ultrasonic
1 | 181856 5 2,542 187 183 213 23 20 15 8 YES
2 |181847 5 2,220 221 140 170 10 8 5 5 YES
3 | 215508 5 3,116 211 128 192 10 15 16 -1 YES
4 | 215401 5 (0 213 152 210 41 38 33 8 YES
5 | 203543 5 798 218 146 174 12 16 10 6 YES
6 | 203460 5 N/A Water Leak N/A N/V
7 | 200098 5 2,536 192 205 213 15 16 15 1 YES
8 | 184604 5 N/AL2 111 131 153 11 7 7 4 YES
9 | 184799 5 5,184 Not in Operation?3 N/A N/V
10 | 184797 5 014 223 210 220 13 13 9 4 YES
11 | 184789 5 1,404 175 110 168 18 7 4 14 YES
12 | 184601 5 3,273 216 210 220 36 34 26 10 YES
13 | 184607 5 2,542 Not in Operation? N/A N/V
The evaluators logged asample (11) of the total number of traps ( 50) and classified the traps into
subgroups based on pipe size and steam trap type . The loggers were installed to capture the
maximum number of steam traps that were classified based on the sample groups. The thermocouple
logger s were not able to  confirm if traps are energized until May since the school was affected by the
current health emergency as stated by the site contact . The school setback the heating system on
March 31 st, 2020, a week after students left school due to the current health emergency. Annual hours

are therefore calculated from the num ber of hours during the normal operating period with students
occupying the s chool (Feb 20 ™ i March 31 st) and normalizing metered data to TMY3 weather data per
outside air temperature of the energized period from NOAA hourly weather data.

Operation hour r  esults from logger data are extrapolated to the groups based on the sample gr oup the
logger represents. Metered and normalized annual hours from loggers are averaged together to have

an average annual operating schedule for the sample group. Each group is then assigned the specific
sample group annual operating hour schedule. All s ample subgroups were metered so each sample
subgroup has a metered average from within the sampled subgroup. The tracking savings assumed

1,700 annual hours of operation, and the evaluation found the average of all metered steam traps to

be 2,125 annual ho urs of operation.

The evaluation team found two dysfunctional steam traps. One was leaking water and the other failed

the ultrasonic test. Both traps were within the sample subg roup #3. These represent 4% (2 of 50)
repaired steam traps within the sample evaluated by the site engineer. The failed steam traps do not

meet the criteria to modify savings based on guidelines for short measure life technologies. 15 Table

1 Logger data shows variable operation with reduction to 0 with TMY3 weather normalized annual hours.

12 Logger was not found upon meter retrieval.

13 These traps were found to not be energized during the site visit but logger data showed they did ope rate over the longer term
14 Logger data shows that the steam trap did not operate during logged period.

15 Factoring in Rates of Failure for Measures with A Short Life. May 18, 2018. ERS.
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5-17 contains the reasoning for not including a failed steam trap discrepancy adjustment in the
evaluated savings calculations.

Table 5-17 . Steam Trap Failure Extrapolation Guidelines

Criterion \ Pass/Fa |l Reason No tes

The measure being
reviewed is at least 1
year and 15% into its Pass 15% of EUL is 10 months.

The measure was evaluated 1
year and 2 months after
installation which equates to
19% of EUL.

EUL at the time of
evaluation.

The measure includes

at least a dozen )
] There are 50 discrete steam
discrete elements at

o . Pass traps in the facility that were
the site in question that .
repaired.
can be evaluated (e.g.
steam traps),
The observed failure .
) The failure rate is estimated at Expected Failure Rate = 10% =
rate is at least 15% 15% (2 of 13 led) which i o mw. .
o) sampled) which is AT 0.0
worse than would be Fail not 0150/ worse thzn expected Lnmo ] Q” o0
0 T ¢ T
expected based on a P ) PW QWO
. ) . (25% = 10% Expected Failure C
simple linear survival zZ p — OQOI
Rate+15%) P C
rate curve
250
200
150
100 j
\.—ﬂ-w‘\._
50
0
1/30 2/19 3/10 3/30 4/19 5/9 5/29 6/18 7/8 7/28

— Ambient Temp, °F Surface Temp, °F

Figure 5-3. Steam trap operation for tag # 181847 ingroup 3
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Figure 5-3 and Figure 5-4 shows the constant energized period dur ing normal operation until the end

of March when schools were shutdown. On/off behaviour for calls for heat during the shoulder months
of April and May were for operation of the school without students. The operation of the school after

March is not typica | and the site contact did not provide much explanation for the reasoning of

variability and usage from end of April th rough May. Data after March is therefore omitted since

students are not in school and usage is abnormal.

250

200 | -
150
100

R iy, | eed N
. - e
50
0
1/30 2/19 3/10 3/30 4/19 5/9 5/29 6/18 7/8 7/28
Ambient Temp, °F ——Surface Temp, °F Surface Temp, °F Surface Temp, °F

Figure 5-4. Steam trap operation for tag #184796, 184797, & 184798 in group 2

The site engineer als o tested all 3 operating boilers. An estimation of boiler efficiency that is used in

the steam trap calculator is an average of all 3 tes tsas shownin Table 5-18. Boile r test #3 represents
the main boiler and boiler test #2 is the lag of the system. Boiler test #1 represents the backup

system. The average of the 3 provides an accurate assessment for the heating sea son.

Table 5-18 . Boiler Combustion Efficiency Tests

Test # ‘ Efficiency

1 86.8%
2 86.7%
3 88.3%
Avg 87.3%
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2.3.3 Gas Billing Analysis

The evaluatorsanalysed t he siteds bill i ng 22 manahs grior to tha insakation and o f10
months post installation of the project . The natural gas consumption (in therms) obtained for this site
from the utility billing data was plotted against the heating degree days (HDD) as shown in  Figure 5-5.
Gas Usage from Jan-2017 to Mar-2019
25 1,400
£ L
2 . .
2 Construction Period 1,200
1,000
w
£ 800
[0 [a]
< 2
@ 600
()]
©
2]
S 400
n
©
0]
200
0
LOeLEEEEREEEREREEREE 222020000 DD02222222222220Q
EEEPEEEI3 8888528533382 888282853388:8+58¢8
mwmHDD = Consumption (therm)
Figure 5-5. Therms consumption vs. HDD from utility billing data

The therms obtained from the billing data was normalized using actual and TMY3 weather data for

both the pre and post case th erms consumption data to ascertain if the billing data reflected the
changes in the siteds g a sultisgdronstheimplenentationpfrthe projdcteAsr e
shown in Figur e 5-6, the billing data  shows a significant reduc tion in gas consumption in the post case
following the  implementation of the project. The billing analysis indicates a reduced gasusage of
26,436 therms  after normalizing the billing data to local weather with annual consumption for the last
12 months of  billing data totalling 74,930 therms . The billing analy sis savings value is 35% of
consumption. Though this level of savings is higher than the final results of the metering/engineering

analysis of 10,455 therms described above and listed below, it is tho ught that for steam traps the
engineering analysis ism  ore reliable as long as the savings are a reasonable percentage of total
consumption, which it is. The evaluated savings percentage of total consumption is 14%.

Normally, it is unlikely that 50 steam traps would show a considerable changein gasconsumpti onin a
large school, however , tracking savings were estimated savings at 14.0% of gas consumption . Given
that space heating is major end -use and 50 of the 170 (29%) steam traps were repaired, thishig h
percentage of savings is reasonable and is in the sam e order of magnitude as the billing analysis.

Below in Figur e 5-6, regression equations are shown for pre - and post -installation gas consumption
when compared to HDD.
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Figur e 5-6. Pre - and post -installationc  orrelation with degree days
Final Results
This section summarize s the evaluation results determined in the analysis above. Both the applicant
and evaluation savings are bas ed on the new state -wide 2017 Steam Traps calculator . The total

evaluation results  and realization rate are found below in Table 5-19.

Table 5-19 . Evaluation Results Summary

PA Applic ation ID Annual Savings (therms)

Tracked 8,730
7919893 Steam Traps Evaluated 10,455
Realization Rate 119.9 %

The evaluation observed 19.9% more savings than the tracking analysis predicted. Operating hours
were higher fora  significant amount of steam traps resulted in the largest discrepancy with boiler
efficiency savings reduction the second largest discrepancy.

Table 3 -1 below is a summary of key tracking and evaluated parameters.

Table 5-20.Summary of Key Parameters

BASELINE PROPOSED / INSTALLED
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Tracking Evaluation Tracking Evaluation
Parameter
Value(s) Value(s) Value(s) Value(s)

Steam Pipe Pressure 4 psi 5 psi 4 psi 5 psi
Average Operating Hours 1,700 2,125 1,700 2,125
Boile r Combustion Efficiency 80% 87.3% 80% 87.3%

Explanation of Differences

This section describe s the key drivers behind any difference in the application and evaluation
estimates of therm savings . Table 5-21 provides a summary of the diff erences between tracking and
evaluated values.

Table 5-21.Summary of Deviations

Impact

Discussion of
Parameter of

End -use Discrepancy

Deviation Deviations
The operating pressu re of Increase in
Steam Pipe Operational gll steam traps were 550 savings due tp
Pressure increased from 4psi to higher operating
5psi pressure
The average hours of
operation for the repaired Increase in
Average steam traps is different savings due to
g Operational than the applicant 24.3% higher number
Operating Hours L
estimation. Th e average of hours of
hours increased by 1,697 operation
hours.
Boiler tests found the .
. L . Decrease in
. combustion efficiency is :
Boiler higher than the standard savings due to
. . ) 0 -
Combustlon Operational 80% default in the 2017 10.0% higher .
Efficiency . combustion
state -wide steam trap -
efficiency

Lifetime Savings

The replaced equipment is classified as a single baseline retrofit replacement

calculated applicant and evaluated lifetime savings v alues using the following formula:

where:
il I I=)

O 'Y

calculator

L1 )00 Y %5

lifetime adjusted gross impact (therm)

first year savings ( kWh)

EUL = measure life (years)

. The evaluators
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated

first year savings are sma

ller than the tracking firs

key factors that influence the lifetime savings.

Table 5-22 . Lifetime Savings Summa

Factor

Lifetime savings

Tracking
52,381 therms

t year savings.

Application
52,381 therms

Evaluator
62,730 therms

Table 5-22 provide s a summary of

First year savings

8,730 therms

8,730 therms

10,455 therms

Measure lifetime

6 years

6 years

6 years

Baseline classification

Retrofit

Retrofit

Retrofit Single

The evaluation uses the

(*) The tracking lifetime savings value is net of all program adjustment factors

Ancillary impacts

There are no ancillary impacts from this retrofit measure.

same 6 -year measure life as the applicant.

2018RIG26

Report Date: 20 October 2020
Program Administrator National Grid
Application ID(s) 8575048
Project Type Add - on Retrofit
Program Year 2018
Evaluation Firm DMI

Evaluation Engineer

Bennett Rose, DMI

Senior Engineer

Mickey Bush, DMI
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Evaluated Site Summary and Results

This retrofit project consisted of a new energy management system (EMS) at a ~30,000 sg. ft.

elementary school. The new EMS controls the space heating hot water boiler and three hot water

circulating pumps. The EMS con  trols the hot water system by enabling the firing of the boilers and
controlling a mixing valve to maintain the hot water setpoint which is co mmanded by the EMS. The
boiler has its own controller which is not controlled by the EMS which cycles the boiler as required to
maintain 180 °F primary hot water. The hot water system serves baseboards and unit ventilators

throughout the building. The new EMS does not control space thermostats, baseboards, or unit

ventilator operation. The project was submitted using the Prescriptive EMS application and the
incentive was paid based on the prescriptive dollar per control point value, but savings were claime

as a custom measure using the custom express savings tool. The gas savings associated with this

projectis 1,349 therms. The gas incentive was $1,800 based on $300/point and 6 control points. The
electric incentive was $2,100 based on $300/point and 7 co ntrol points. The total incentive of $3,900
was ~23% of the total project cost shown in the invoice ($17,000).

Gas savings associated with the new EMS were claimed based on the following boiler control
strategies:

1 7-day schedule

o Applicant: The applicant do  cumentation indicates that in the proposed case the hot
water system is enabled from 7am to 6pm on weekdays from O ctober through May
implying that the hot water system is enabled continuously during the heating season
in the baseline.

o Evaluation Finding: The hot water system is in occupied mode from 6am to 6pm on
weekdays. The system is unoccupied mode on weekday nigh ts, all day on weekends
and during school breaks and holidays. The hot water system will be enabled in both
occupied and unoccupied  mode based on the outside air temperature. In occupied
model the system is enabled when the outside air temperature is below 61°F andin
unoccupied mode the system is enabled when the outside air temperature is below
60°F. Therefore, although the system is setup for occupied/unoccupied operation there
is very little actual difference between the two operating modes.

1 Optimal Sta rt/Stop

o Applicant: The custom express tool indicates that optimal start/stop is included in the
EMS control sequences

o Evaluation Fi nding: The hotwater  system does not include an optimal start/stop
sequence.

1 DDC Temp Control

o0 Applicant: The custom EMS tool indicates that the hot water system will have DDC
temperature control

o Evaluation Finding: The new EMS determines the hot water supp ly setpoint and
controls the mixing valve to maintain the hot water setpoint. DDC temperature
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control has been implemented, however it is unclear how DDC temperature control of
the hot water system will provide energy savings.

 OA HW Reset

o Applicant: The applicant documentation indicates that the hot water temperature
setpoint will reset based on outside air temperature in the proposed case implying that
the hot water temperature setpoint is fixed in the baseline

o Evaluation Finding: T here is an issue  with the control of the mixing valve used to
control HW supply temperature and hot water temperature reset is not being
implemen ted as intended

The evaluation results are presented in  Table 5-9.

Table 5-23 . Evaluation Results Summary

PA Application ID Measure Name Annual Savings
(therms)

8575048 New EMS Tracked 1,349

Evaluated 0

Realization Rate -0%
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Explanation of Deviations from Tracking

The evaluated savings are 100 % less than the applicant  -reported savings . There is a gas penalty
associated with the project based on the bill data analysis for the sit e. However, due to lack of pre -
existing system information, it cannot be confirmed defini tively that the penalty is a result of
implementing the proposed case control sequences as opposed to other factors so the evaluated

savings are 0 for the project.

Pre-existing control sequences will determine the energy savings associated with implementin g simple
control sequences such as the ones considered for this project and there is only anecdotal information

available about the pre  -existing system operation. The prescriptive EMS program does not require
documentation to inform baseline system assumpt ions for the energy savings calculations. This

evaluation finding indicates that the EMS custom express tool does not adequately consider pre -
existing system control s equences to allow for accurate energy saving calculations.

The evaluator found that the s equences claimed for savings are not being implemented as expected.
Optimal start/stop is not being implemented, HW reset is not working properly, and there is very | ittle
difference between occupied and unoccupied operation although there is an occupancy schedule.

Recommendations for Program Designers & Implementers

The evaluator recommends documenting pre -retrofit conditions for any controls upgrades projects.

Itis not possible to definitively confirm why the project does not result in energy savings du e to lack
of information about pre  -existing system operation. Quantifying energy savings for controls measures
requires a more detailed understanding of baseline syste m operation than the EMS custom express

tool allows for.

When considering the implementat ion of basic control sequences such as scheduling and basic
temperature control, the opportunity for energy savings relies heavily on pre -existing system
operation. Th e pre -existing case for this project was a combination of automatic pneumatic controls

and manual controls. It is not uncommon for controls projects to implement best practices that may

actually result in increased energy use. For example, implementing a s cheduled occupancy control
sequence would not save energy if the boiler was manually shut down during unoccupied hours in the
baseline and cycle on a call for heating during unoccupied hours in the proposed case.

Customer Alert

The evaluator found that the re is an issue with the mixing valve leaking by. The impact of this issue is
that the EM S is unable to effectively control the hot water supply temperature.

The evaluator also found that the occupied and unoccupied outside air enable temperatures are near ly
the same which means that the anticipated savings associated with reducing unoccupied operating
hours are not being realized. This is an adjustable parameter in the EMS.

Evaluated Measures

The project consists of the installation of a new EMS system to replace pneumatic control of the
heating hot water system at an elementary school. The a pplicant savings claim that the new EMS
includes a 7 -day schedule, optimal start, hot water reset, and DDC temperature control of the hot

water system.
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Application Inf ormation and Applicant Savings Methodology

This section describes the application informa tion, savings methodology provided by the applicant, and
the evaluation assessment of the savings calculation algorithm used by the applicant.

Applicant Description of Baseline

The pre -installation site inspection form states that the baseline system is an outdated pneumatic
control system but provides no specific details on how equipment was controlled.

The applicant documentation describes the pre -retrofit sequence of  operation forthe 7 -day schedule
measure. In the pre  -retrofit case the boiler was enab led continuously from September through June
and off from July through August. The pre -inspection form for this project simply states that the

existing HVAC equipment is controlled by a pneumatic control system.

Table2 -24. App licant baseline key parameters

BASELINE

r f Parameter

New EMS Boiler Plant Capacity 2,700 MBH Custom Express Tool
Boiler Plant EFLH 555 Hours Custom Express Tool
Control system Pneumatic Pre-Inspection Form
Applicant Description of Installed  Equipment and Operation
This sectio n describe s the proposed condition assumed in the application analysis. It only discus ses
the assumptions made in the original analysis, not any information gained through this evaluation.

Table2 -25: Application proposed key parameters

PROPOSED

New EMS 7-Day Schedule Custom Express Tool
Optimal Stop/Start Yes Custom Express Tool
DDC Temperature Yes Custom Express Tool
Control
OA HW Reset Yes Custom Express Tool
Control system DDC Minimum Requirement

Document
Applicant Energy Savings Al gorithm

Applicant savings are  calculated using a custom express savings tool for EMS installations. The custom
express tool calculates savings for each of the new control sequences based on an estimated percent
reduction in boiler gas use.

The calculation of annual baseline boiler gas use is shown below.

Boiler Annual Gas Input: 2,700 MBH full load input x 555 equivalent full load hours = 1,498,500 MBTU
(14,985 therms).

Where 555 EFLH is a direct input in the applicantés spreadsh

The savings for each co  ntrol sequence are calculated based on a percent reduction in baseline boiler
gas use. The savings factors are hard coded values in the custom express tool.

Savings = Boiler Baseline Annual Input (MBtu) x Savings factor / (100 MBH / Therm)



Rhode Island Cust om Gas M&V Report

The savings fact ors used for this formula are presented in the table below. The basis for these values
is not explained in the tool itself.

Table 2 -26 . Summary of Savings Factors
Measure Savings Applicant

Factor Therms
SEWED|
Equipment Run Tim e (7 day 1.5% 225
schedule & Optimal Stop/Start)
DDC Temp 2.5% 375
OA HW Temp Reset 5% 749
Total 9% 1,349

Note that equipment run time is a binary function in the custom express tool. Equipment runtime is a

savings factor because the inputs for 7 -day schedule and optimal start are selected and both inputs

are associated with equipment runtime savings in the cu stom express tool. If only one or the other (7 -
day schedule or optimal start) was selected as opposed to both being selected the savings impact

would be unchanged.

Evaluation Asse  ss ment of Applicant Methodology

The annual gas usage for 2016 and 2017 , which was the pre -retrofit period, was 16,550 therms and

15692 t herms respectively. The applicant7®s$esetban acmaat anmbalboi | er f u|
pre -existing case gas usage based on bill data. This is reasonable because the hot water system is the

primary gas user at the site however it is unclear if the actual site gas usage was considered by the

applicant when calculating the equivalen t full load hours.

With the exception of optimal start which was not included in the scope of work f or the project, the
applicant entered inputs to the custom express tool that reflected the proposed control sequences.

The custom express tool generally is a one -size -fits -all tool used for quantifying the savings associated
with implementing basic contro | sequences with a new EMS. The custom express tool does not require
the applicant to document existing system control sequences beyond estimating the equi valent full
load hours. The energy savings for retrofit control measures rely entirely on existing system
operation. The lack of documentation and calculation inputs for the existing system operation in the

custom express tool results in unreliable savin gs estimates.

On - Site Inspection and Metering

This section provides details on the tasks performed d uring the site visit and the gathered data.

Summary of On  -site Findings

On February 19, 2020 the evaluator met with the controls contractor that installed t he new EMS at the
site. The evaluator reviewed the project scope and the EMS interface with the cont rols contractor and

conducted a walkthrough of the site. The onsite findings are as follows:

1 The EMS includes an occupancy schedule. The EMS will lockout th e boiler based on outside air
temperature and the enable temperature is 61°F during occupied hours, and 60°F during
unoccupied hours.

1  New BacNet controllers were installed. The EMS commands the hot water supply temperature
setpoint and controls the water t emperature by modulating the mixing valve. The boiler has
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its own pre -existing controller that comm ands the boiler to cycle based on its internal primary
hot water setpoint of 180AF. The EMS sends the enable ¢

1 The evalua tor found that the system does not have optimal start. Optimal start was not part
ofthecontrosc ontractorés scope of work for the project.

1  There is an issue with the control of the mixing valve that prevents the hot water temperature
resetsequencefro m wor ki ng as intended. This was brought to the
the controls contractor dur ing the site visit and trends confirm that the hot water setpoint is
not being maintained.

Table 2 -27 . Measure Verification

Verification Method Verification Result

The trend data shows that a 7 -day
schedule is included with the new EMS,
optimal start was not implem ented, the
EMS commands the hot water supply
temperature setpoint, but a faulty mixing
valve results in the setpoint not being
maintained which prevents the hot water
reset sequence from being implemented
effectively.

Review trends to confirm
measure implementation.
Review hill data to determine
measure savings.

New EMS

Measured and Logged Data

These tabl es below summarize the data used to evaluate the savings for site 2018RIG26.

Table 2 -28 . Evaluation data collection i installed equipment
M&V Equipment Metering Metering
Brand and Model Start/Stop Dates Interval
None
Table 2 -29 Evaluation data collection i data received

Source Parameter Interval Duration

Hot water supply and return

temperature
Outside air temperature One month

Facility EMS Boiler enable status 15 Minute (February 20,2020 i March 20,
Pump statuses 2020)

Pump speeds
Mixing valve position

Utility Meter . 4 years
Reads Gas Bill Data 1 month (January 2016 i December 2019)

The figure below presents the raw trend data provided for the hot water system by the controls
contrac tor that installed the new EMS.
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Figure 2 -1. Raw Trend Data
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A summary of the trend data is below.
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The OAT, hot water supply temperature and boiler status enable trends show that the system is

enabled when the OAT is less than 60°F and disabled when OAT is

greater than 60°F.

The data als o shows that the hot water temperature is not modulating with OAT which indicates that
hot water reset is not being implemented effectively, which confirms the information relayed by the

controls contractor that the mixing v

alve is not functioning properly

. The mixing valve command is

100% during a majority of the trend periods; where 100% is intended to bypass the boiler and only
use return water. The valve is being commanded to bypass the boilers because the ~180°F hot wate

temperature is higher than the

setpoint. When the outside air temperature gets cold enough the hot

water temperature setpoint approaches the actual hot water temperature and the valve command

drops below 100% return water only. The fact that the valve p

osition command does not impact

actual hot water supply (combined supply and return) temperature indicates that the command does

not match the actual valve position and there is an issue with the mixing valve.

The hot water supply temperature is indicativ

e of a cycling on/off boiler wit

h no capacity modulation.

The boiler cycle on as required to maintain the primary hot water temperature within the deadband
defined by its local controller. It also shows that the operation of the mixing valve does not impa

the hot water supply temperat

ure as intended.

ct

Enabled)

Boiler Water Temp & Boiler Status (100
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Evaluation Methods and Findings

This section describes the evaluator methods and findings.

Evaluation Description of Baseline

The baseline system for this project is pre -existing pneumatic controls. The eval uator was able to
confirm thatt he pre -existing control system was pneumatic controls during the site visit because the

pre -existing controls were partially abandoned in place. The measure is classified as an add -on retrofit
project and the evaluator agree s with this classification.

Duri ng the site visit that was conducted with the controls contractor for the project, the evaluator was

informed that prior to the installation of the EMS the boiler plant was enabled continuously from

September through June. T he boiler has its own controller that commands the boiler to cycle on as

required to make 180°F primary hot water. It is assumed that the hot water supply temperature was

always 180°F in the baseline. Based on discussions with the controls contractor, th ere were a variety
ofmanualove rri des and work arounds i mplemented by the school
circumvent the pneumatic control system and minimize comfort complaints.

Evaluation Calculation Method
7-Day Schedule

The evaluator was able  to confirm the installed EMS occupancy schedule during the site visit. The hot
water system is in occupied mode from 6am to 6pm on weekdays. The system is unoccupied mode on

weekday nights, all day on weekends and during school breaks and holidays. The hot water system
will be enabled in both occupied and unoccupied mode based on the outside air temperature. In

occupied model the system is enabled when the outside air temperature is below 61°F and in

unoccupied mode the system is enabled when the outside ai r temperature i s below 60°F. Because the
hot water system is enabled at nearly the same outside air temperature during occupied and

unoccupied hours, the 7 -day schedule does not have any significant impact on hot water system

operation.

To demonstrate the  impact of the 7 -day schedule control sequence on boiler plant operation, the

figure below shows the trended percentage of time that the boiler is enabled when the outside air

temperature is less than 61°F as a function of time of day for each day of the we ek over the cou rse of
the trend period. Note that trends were not provided for actual boiler status.

di
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Figure 2 -2. Boiler Plant Enabled vs OAT (Occupied/Unoccupied Comparison)
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The lack of correlation between boiler runtime and time of day/day of week show s that as

imple mented the 7 -day schedule has little to no effect on the operation of the boiler plant. The only

impact compared to the pre -existing case is that the system is automatically enabled at 60 °F OAT
rather than manually enabled/disabled.

Optimal Start
It was ¢ onfirmed during the site visit that optimal start is not part of the installed control sequence.
DDC Temperature control

It is unclear what is meant by DDC temperature controls as a measure. The evaluator confirmed on
the site visit that the new EMS contro Is the hot water supply temperature setpoint by modulating the
mixing valve position and cycling the boiler.

The boiler is controlled with its own controllers from the pre -existing case and cycle on and off as
required to make 180°F primary water when the  hot water system is enabled. There is a three -way
valve that mixes hot water leaving the boiler with return water to achieve the desired supply

temperature setpoint. The valve was pneumatically controlled and this project added a controller S0
that the EM S could send a signal to the valve pneumatic control. According to the controls contractor

the valve needs to be repaired. Based on a spot observation of the EMS the valve was reported to be

closed (full recirculation mode), but the actual s upply temperatu re was 171 eF and the setpoint was
145°F, which indicates that the valve was leaking by.

It is not clear that this measure would provide any savings even with a properly operating mixing
valve because the pre  -existing setpoints are not known.

OA HW Reset

Trends confi rm that hot water supply temperature does vary slightly with outside air temperature; the
average hot water supply temperature only varies by about 4 °F over a50 °F range of outside air
temperatures in dicating thatthe reset sequence is not being implemente  d as expected . The figure
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below shows the average hot water supply temperature and hot water supply setpoint as a function of
outside air temperature.

Figure 2 -3. Average HWST & vs OAT &
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A screenshot of the EMS provided by the con trols contractor demonstrated that the HWST setpoint is
being reset based on outside air temperature. However, the faulty mixing valve described above is
preventing the hot water reset schedule from being implemented as intended. The boiler provide S
~180 °F primary water which shows the faulty mixing valve is always leaking by into the circulation

loop.

Note that the boiler at the site is not a condensing boiler so the source of savings associated wit h
lowering the hot water supply temperature would be rela ted to system heat losses, not boiler
efficiency. It is not clear based on the custom express EMS tool if the hot water reset savings

calculation assumes that the site has condensing boilers or not.

When reviewing the EMS with the controls contractor it appeared that the outside air temperature
sensor reading was not accurate and may be impacted by sunlight. The sensor was reading 60°F, but
the actual outside air temperature was ~40 °F. The boileri s enabled based on the outside air
temperature and the ho  t water supply temperature is reset based on the outside air temperature, so
boiler operation is impacted by the sensor issue.

2.3.3 Gas Billing Analysis

Monthly gas bill data was provided for this s ite. Data was provided from January 2016 through

December 2019. The measure was installed in 2018. For the bill data analysis, the years 2016 and

2017 are used to document pre -installation gas usage, and 2019 gas data is used to document post
installation gas usage. It is assumed that the EMS was installed in 20 18 based on the December 2018
date on the controls contractor invoice included in the tracking documents.

70
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Hourly weather station data from TF Green Airport in Providence was used to calculate the act ual
heating degree days (HDD) associated with each gas bi Il. Figure 2 -4 below shows the pre  -installation
and post -installation relationship between monthly gas usage and heating degree days excluding

months with less than 200 HDD.

Figure 2 -4.Actual Pre -In stallvs Post  -Install Gas Usage
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Heating Degree Days

The bill data shows tha  t the boiler plant uses more gas per heating degree day with the new EMS.

The evaluated savings for this project are calculated using TMY3 weather data from TF Green Airport

to calculate weather norm  alized gas savings. Months with less than 200 HDD are not considered in the
evaluated savings. Note that the annual heating degree days calculated using TMY3 weather data

(5,976 HDD) are greater than the heating degree days in the years of gas bill data us ed to calculate
the relationship between heating degree d ays and gas usage (2016: 5,304 HDD, 2017: 5,296 HDD,

2018: 5,560 HDD, 2019: 5,678). Table 2 -6 summarizes the weather normalized gas savings

calculated for the project based on pre - and post -installat ion gas bill data.
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Table 2 -30 . Evaluation Monthly Gas Savings Analysis Using TMY Data
Pre - Install Post -Install Gas

Gas Use Gas Use Savings
Therms Therms Therms
1 1,112 3,902 4,271 -369
2 917 3,093 3,455 -362
3 811 2,652 3,011 -359
4 535 1,506 1,856 -350
5 260 367 707 -340

6 85 0

7 18 0

8 27 0

9 107 0
10 379 862 1,206 -344
11 675 2,087 2,442 -354
12 1,051 3,649 4,016 -367
Total 5,976 18,120 20,965 -2,845

Final Results

This section summariz  es the evaluation results determined in the analysis above.

Given the fact that trend data show s that for the most part the EMS strategies were not working as
installed and the bills showed an increase in savings, it was concluded that the project did not save
natural gas.

Table 3 -31 . Evaluation Results Summary

PA Application ID Measure Name UL IEIRSEVS
(therms)

8575048 New EMS Tracked 1,349
Evaluated 0
Realization Rate _0%

Table 3 -2 is a summary to the key savin g parameters.

Table3 -32. Summary of Key Parameters

R B =
Parameter
VEETS VEEIS VEES VEES
Impl emented
but has minimal
7-Day Schedule Not implemented unclear Implemented impact on HW
system
operation
Not

Optimal Start Not Implemented Unclear Implemented
Implemented
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DDC, but not

Temperature Control Pneumatic Pneumatic DDC clear how
savings result

OA Reset not

HWST Control Constant Unclear OA Reset operating as
intended

Explanation of Differences

This section describe s the key drivers behind the differences between the tracking and evaluated gas
savings. The purpose of this table is to describe how changes to the key parameters influenced the

final project savings . Table 5-21 provides a summary of the differences between tracking and
evaluated values.

Table 3 -33 . Summary of Deviations

. Impact of . \ .
End -use Discrepancy Parameter p. . Discussion of De viations
Deviation

Decreased Savings i Optimal start
not implemented. 7  -day schedule

. Equipment Run ) o was implemented, but occupied and
HVAC Operational Time 16.7% unoccupied OAT enable temps are
almost the same so there is no
runtime reduction.
Decreased Savings 1 Faulty mixing
DDC valve is resulting in hot water supply
HVAC Operational Temperature -27.8% temperature greater than setpoint.
control Unclear what the source of savings
would be for DDC temperature
control anyways.
' OA HW Temp ) 0 Decreased Savings - HW reset is not
HVAC Operational Reset 55.5% being implemented as expected

The evaluation found that the control sequence inputs that were used to calculate savings for this
project were either not implemented or implemented in a way that is not expected to re sult in energy
savings.

The EMS does have a7 -day schedule with occupied and unoccupied OAT enable temperatures for the
hot water system, however the occupied and unoccupied enable temperatures are nearly identical.
Optimal start was not implemented or inc luded in the controlscontra ct or s®é scope of worKk.

The billing analysis corroborated the finding of no savings.

Lifetime Savings

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated
first year savings are smal ler than the tracking first year savings. Table 5-22 provide s a summary of
key factors that influence the lif etime savings.

Table 3 -34 . Measure 5891377 - Lifetime Savings Summary
Lifetime savings 13,490 therms 13,490 therms 0 therms

First year savings 1,349 therms 1,349 therms 0 therms
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Measure lifetime 10 years 10 years (project 10 years (MA TRM)
BCR)
Baseline classification N/A N/A Add-on single

(*) The tracking lif etime savings value is net of all program adjustment factors

Ancillary impacts

Electric savings were calculated under a different application.
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Evaluated Site Summary and Results

This retrofit project ~ consisted of a new energy management system (EMS) at a ~52,000 sq. ft.

elementary school.  The new EMS controls seven space heating hot water boilers, four hot water
circulating pumps, and a rooftop unit with a gas -fired heating sectio  n, which serves a mul  ti-purpose or
gymnasium type room. The hot water system primarily serves unit ventilators in the classrooms along

with some fan coil units and baseboard heaters. The project was submitted as a custom express EMS
application and saving s were claimed using  the custom express savings tool. The gas savings

associated with this project is 1,349 therms. The gas incentive, using the values from the prescriptive

offering for EMS was $3,600 based on $300/point and 12 control points. The electri ¢ incentive was
$7,50 0 based on $300/point and 25 control points. The total incentive of $11,500 was ~63% of the

total project cost shown in the invoice ($18,250).

Gas savings associated with the new EMS were claimed based on the following boiler control
strategies:

1 7-day sche dule

o Applicant: The applicant documentation indicates that in the proposed case the hot
water system is enabled from 7am to 6pm on weekdays from October through May
implying that the hot water system is enabled continuously during the heating season
in th e baseline.

o Evaluation Finding: The hot water system is in occupied mode from 6am to 6pm on
weekdays. The system is unoccupied mode on weekday nights, all day on weekends
and during school breaks and holidays. The hot water system will be enabled in both
occupied and unoccupied mode based on the outside air temperature. In occupied

model the system is enabled when the outside air temperature is below 60 °F and in
unoccupied mode the system is enabled when the outside air tempe rature is below
40°F.

1 Optimal St art/Stop

o0 Applicant: The custom express tool indicates that optimal start/stop is included in the
EMS control sequences

o Evaluation Finding: The hot water system does not include an optimal start/stop
sequence.

1 DDC Temp Contr ol

0 Applicant: The custom EMS too | indicates that the hot water system will have DDC
temperature control

o Evaluation Finding:  The new EMS determines the hot water supply setpoint however
the boilers are unable to maintain the hot water setpoint.

T OAHW Reset

o Applicant: The applicant documen tation indicates that the hot water temperature
setpoint will reset based on outside air temperature in the proposed case implying that
the hot water temperature setpoint is fixed in the baseline
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o Evaluation Finding: The EMS does control the hot water setp oint which is reset based
on outside air temperature, however the boilers are unable to maintain the hot water
temperature setpoint.

Demand Control Ventilation

o Applicant: Install a space CO2 sensor and control the RTU OA d amper to maintain
space CO2 conc entration setpoint.

o Evaluation Finding:  After the site visit the contractor shared the proposed scope of
work for the project with the evaluator and the scope did not include demand control
ventilation. The site observations of the EMS confirmed that the n ew controls system
integrates with the existing RTU control panel, but primarily provides read only
observation of RTU operation. The only control provided by the new EMS is an enable
command to the RTU controller based on t ime of day. The control of the o utside air
damper was not modified, a CO2 sensor is not installed and the pre -existing
thermostat remains in use.

The evaluation results are presented in Table 5-9.

Table 5-35. Evaluation R esults Summary

PA Application ID Measure Name Annual Savings
(therms)

8575048 New EMS Tracked 8,011
Evaluated 0
Realization Rate -0%
Explanation of Deviations from Tracking
The evaluated savings are 100% less than the applicant  -reported savings. There is a gas penalty

associated with the project based on the bill data analysis for the site. However, due to lack of pre -
existing system information, it cannot be confirmed definitively that the penalty is a result of
implementing the proposed case con trol sequences as opposed to other factors so the evaluated

savings are 0 for the project.

Pre-existing control sequences will determine the energy savings associated with implementing simple

control sequences such ast  he ones considered for this project a nd there is only anecdotal information
available about the pre  -existing system operation. The prescriptive EMS program does not require
documentation to inform baseline system assumptions for the energy savings calculat ions. This
evaluation finding indicat  es that the EMS custom express tool does not adequately consider pre -
existing system control sequences to allow for accurate energy saving calculations.

The evaluator found that the sequences claimed for savings are not being implemented as expected.
Opti mal start/stop and demand control ventilation are not being implemented. DDC control of the hot

water setpoint and hot water reset are being implemented, however the boilers are unable to maintain

the hot water setpoint so these control sequences are not e ffective. The system has an occupancy
schedule however it is unclear if this control sequence results in a reduction in run hours compared to

pre -existing system operation.
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Recommendations for Program Designers & Imple menters

The evaluator recommends docu menting pre -retrofit conditions for any controls upgrades projects.

It is not possible to definitively confirm why the project does not result in energy savings due to lack

of information about pre  -existing system opera tion. Quantifying energy savings for controls measures
requires a more detailed understanding of baseline system operation than the EMS custom express

tool allows for.

When considering the implementation of basic control sequences such as scheduling and ba sic
temperature control, the opportun ity for energy savings relies heavily on pre -existing system
operation. The pre -existing case for this project was a combination of automatic pneumatic controls

and manual controls. It is not uncommon for controls proje cts to implement best practices that may
actually result in increased energy use. For example, implementing a scheduled occupancy control

sequence would not save energy if the boiler was manually shut down during unoccupied hours in the

baseline and cycle on a call for heating during unoccupi ed hours in the proposed case.

Customer Alert

The boilers are not maintaining the hot water setpoint. It is suspected that the issue is related to the
underlying equipment and not the new EMS. It is expected that to r esolve the issue the supply and
retur n boiler headers need to be modified with control valves to prevent hot water flow through

inactive boilers.

Evaluated Measures

The project consists of the installation of a new EMS system to replace pneumatic control o f the
heating hot water system and ro oftop unit at an elementary school. The applicant savings claim that
the new EMS includes a7 -day schedule, optimal start, hot water reset, and DDC temperature control

of the hot water system and that demand control ven tilation will be implemented for the RTU.

Application Information and Applicant Savings Methodology

This section describes the application information, savings methodology provided by the applicant, and
the evaluation assessment of the savings calculation algorithm used by the applicant.

Appl icant Description of Baseline

The pre -installation site inspection form states that the baseline system is an outdated pneumatic
control system.

The applicant documentation describes the pre -retrofit sequence of  operation for the 7 -day schedule
measure. In  the pre -retrofit case the boilers were enabled continuously from September through June
and off from July through August. Table2-1 summari zes the applicantds baseline

Table 2 -36 . Applicant baseline key parameter

BASELINE

S

New EMS Boiler Plant Capacity 2,895 MBH Custom Express Tool
Boiler Plant EFLH 1,153 Hours Custom Express Tool
Control system Pneumatic Pre-Inspection Form

Minimum Outside A ir

Control Method Constant Custom Express Tool
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Applicant Description of Installed  Equipment and Operation

This sectio n describe s the proposed condition assumed in the application analysis. It only discus ses

the assumptions made in the original analysis, not any information gained through this evaluation.

Table2-2 summari zes the applicantds proposed case system assump

Table 2-37 : Application proposed key parameters

! PROPOSED

Measure Parameter Value(s) Source of Param eter Value

New EMS 7-Day Schedule Yes Custom Express Tool
Optimal Stop/Start Yes Custom Express Tool
DDC Temperature Yes Custom Express Tool
Control
OA HW Reset Yes Custom Express Tool
Control system DDC Minimum Requirement

Document
Minimum Outside Air cci:eonfaz?jsed Custom Express Tool
Control Method P
control
Applicant Energy Savings Algorithm

Applicant savings are calculated using a custom express savings tool for EMS installations. The custom
express tool calculates savings for e ach of the new control sequences based on an estimated percent
reduction in boiler gas use.

The calculatio n of annual baseline boiler gas use is shown below.

Boiler Annual Gas Input: 2,895 MBH full load input (for all 7 boilers) x 1,153 equivalent full loa d hours
= 3,337,935 MBTU (33,379 therms).

Where 1,153 EFLH is a direct inputt in the applicantbés spread

The savings for each control sequence are calculated based on a percent reduction in baseline boiler
gas use. The savings factors are hard coded va lues in the custom express tool.

Savings = Boiler Baseline Annual Input (MBtu) x Savings factor / (100 MBH / Therm)

The savings factors used for this formula are presented in the table below

Table 2 -38 . Summary of Savings Facto rs
Measure Savings Applicant
Factor Therms
Saved
Equipment Run Time 1.5% 501
DDC Temp 2.5% 834
OA HW Temp Reset 5% 1,669
DCV 15% 5,007
Total 24% 8,011
Note that equipment run time is a binary function in the custom express tool. Equipment runtime is a
savings factor because the inputs for 7 -day schedule and optimal start are selected and both inputs

are associated with equipment runtime savings in the custom express tool. If only one or the other (7 -
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day schedule or optimal start) was selected as oppo sed to both being selected the savings impact
would be unchanged.

Evaluation Asse  ssment of Applicant Methodology

The annual gas usage for 2016 and 2017, which was the pre -retrofit period, was 9,451 therms and
8,875 therms respect i v e lnyatedbbilerdull asagp is 264% maoredhan aetsat i
annual pre-existing case gas usage based o nbilldata. The applicant did not use actual gas bill data to
inform the equivalent full load hours assumptions.

With the exception of optimal start and demand cont rol ventilation which were not included in the

scope of work for the project, the applicant entered inputs to the custom express tool that reflected

the proposed control sequences. The custom express tool generally is a one -size -fits -all tool used for
qua ntifying the savings associated with implementing basic control sequences with a new EMS. The
custom express tool does not require the applicant to document existing system control sequences

beyond estimating the equivalent full load hours. The energy sa vings for retrofit control measures

rely entirely on existing system operation. The lack o f documentation and calculation inputs for the
existing system operation in the custom express tool results in unreliable savings estimates.

On - Site Inspection and M etering

This section provides details on the tasks performed during the site visit and the gathered data.
Summary of On  -site Findings

On February 19, 2020 the evaluator met with the controls contractor that installed the new EMS at the
site. The evaluator  reviewed the project scope and the EMS interface with the controls contractor and
conducted a walkthrough of the site. The onsite findings are as follows:

1 The EMS includes an occupancy schedule. The EMS will lockout the boilers based on outside air
tempera ture and the enable temperature below 60°F during occupied hours, and below 40°F
during uno ccupied hours.

1  New BacNet controllers were installed. The EMS commands the hot water supply temperature
setpoint and enables the boilers. The boilers cycle to maint ain the setpoint however it was
found that the boilers often fail to fire and are unable to maintain the hot water setpoint.
Based on feedback from the controls contractor there are no comfort complaints related to the
hot water system, the system maintai ns a hot water temperature that is lower than the
setpoint but is still warm enough to serv e space heating loads. It is expected that the boiler
configuration in which hot water flows through all inactive boilers is a contributing factor to the
inability of the system to maintain the hot water setpoint.

1  The system does not have optimal start as verified by a review of control sequences

1 Demand control ventilation was not implemented as part of this project and was not included
in the scope of work although savings were claimed by the applicant for implementing this
feature .

Table 2 -4 summarizes the evaluators approach to verifying the savings for this project.

Table 2 -39 . Measure Verification

Verification Method Ver ification Result
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The trend data shows that the boilers are

Review trends to confirm unable to maintain the hot water setpoint.
New EMS measure _implementation. _ The _hot Wgter system is enabled based on

Review bill data to determine outside air temperature and the enable

measure savings. temperature is  60°F during occupied

hours, and 40°F dur  ing unoccupied hours

Measured and Logged Data

Table 2 -5 below summarize the data used to evaluate the savings for site 2018RIG26. Note that since
trending was availab le no additional metering equipment was installed.

Table 2 -5. Evaluation data collection i data received

Source Parameter Interval Duration

Hot water supply and return
temperature

Outside air temperature One month
Facility EMS ) p . 15 Minute (February 20,2020 i March 20,
Boiler status (for all 7 boilers)
2020)*
Pum p statuses
Pump speeds
Occupancy status
Furnace status
DX status One month (with one four day data
Fan status gap and one 14 day data gap)
Facility EMS Fa}n spe_ed N 15 Minute (February 10,2020 i March 12,
Mixed air damper position N
. . 2020)
Mixed air temperature
Return air temperature
Supply air temperature setp oint
Utility Meter . 4 years
Reads Gas Bill Data 1 month (January 2016 -December 2019)
*Trend Data Analysis is based on trend data from February 20 , 2020 through March 5, 2020.

Additional data was provided by the controls contractor after analysis was in progress.

The figure below presents arepresentative  portion of the raw trend data provided for the hot water
system by the controls contractor tha t installed the new EMS.



Rhode Island Custom Gas M&V Report

Figure 2 -1. Raw Trend Data (HW System)

The trend data shows that the boilers cycle on and off however the hot water supply temperature does
not exceed ~1 55°F for the duration of the trend period. The hot water supply temperature setpoint is
not trended, but the observed temperature does not match the setpoint reset schedule. The supply

temperature setpoint was observed during the site visit. On the site visit the outside air temperature

reported by the EMS was 27.7°F and the hot w ater supply setpoint was 173.3°F, which matches the

design linear reset of 180°F at 0°F to 145°F at 60°F. The actual supply temperature was 155.6°F,

which is in line with the trends.

The boilers all shutoff when outside air temperature exceeds the outside air enable temperature
determined by the EMS demonstrating that the occupancy schedule is operating as expected (see

section 2.4.2 for more details). Note the time period between 2/25 and 2/28; the OAT during this

entire time period is between 40 °F (the unoccupied enable temperature) and 60 °F (the occupied
enable temperature). As the system goes from occupied to unoccupied mode during this time perio d
the boilers all shutoff. Preceding this time period on 2/24, the OAT is less than 40 °F in the morning
prior to occupied hours and the boilers do not shutoff.

The figure below presents a representative portion of the raw trend data provided for the rooft op unit
by the controls contractor that installed the new EMS. Note that there is a





















































































































































































































